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FThe object of this volume is to meet the demand for 

a complete, comprehensive treatise, setting forth tlie 
various facts pertaining to electric lighting in plain 
language, devoid of technicality and perplexing mathe- 
matical formulEB, from which business men, mechanics, 
and those who have the care and management of dyna- 
mos and lamps, as well as general readers, may gain a 
knowledge of the principles and construction of the 
apparatus by which this light is produced, and of the 
nature of that invisible, intangible agency which is its 
prime cause. It is also designed as a convenient hand- 
book for the electrical engineer, from which he may 
refresh his memory in regard to the apparatus described 
and its use, or gain a hint as to the nature of electricity 
as developed in its practical application. 

As the storage battery has become an important 
auxiliary in electric lighting, a full description of its 
construction, principles, and application has been given, 
and also of the inductive, alternating current system, 
which has recently been so largely developed. 

£ other sources of iufoimatvon.^ ^\ub ^ttAas ^qs^ 
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freely consulted the excellent works of Thompson, 
Schellen, Maier, Gordon, Niaudet, and Gladstone and 
Tribe, and has availed himself of the advantage of 
various cuts used by them, illustrating principles and 
apparatus. He also takes great pleasure in acknowl- 
edging his obligations to the various electric light com- 
panies whose apparatus is described, for highly valuable 
practical information and the free use of numerous 
cuts; also to the various electric journals for similar 
information, especially to the "Electrical Engineer," 
** Electrical World," and " Western Electrician." 

PHILIP ATKINSON. 

Ghicaoo, Aug. 16, 1888. 



f Introductory Note to the Ninth Edition, 



Importaht changes made in the coiiBtniction of dyna- 

08 within the last live years have rendered a complete 
and thorough revision of chapters III and IV necessary ; 
since most of the dynamos described in the first edition 
have gone ont of use, and new dynamos, chiefly of the 
multipolar type, and designed for heavier work, have 
taken their place. The latter are here described in full, 
id of the former. 

It has also been found desirable to reverse tlie relative 
itions of theae two chapters, placing the one on 
"Direct Current Dynamos" directly after chapter II, 
in which the principles of the dynamo are illustrated by 
dynamos of this type. 

Two new kinds of storage batteries have been de- 
ecribed, instead of two which have gone out of use. A 
brief description of vacuum tube lighting has also been 
introduced, and important additions made to the descrip- 
tion of arc lamps, transformers, and electric units ; and 
thirty-one new illustrations take the place of the earns 
number of old ones. 

These changes and additions comprehend all that are 
strictly required to bring the information furnished in 
this book fully up to date. 

PHILIP ATKINSON. 
Oct. 1, 1897. 
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Introductoey Note. — To understand clearly what 
Electricity is capable of doing, h la important to ascer- 
tain, if possible, wnat it is ; and wnne it can not perhaps 
be shown with absolute certainty that the long-sought 
solution of this problem has been found, yet the proofe 
from numerous sources converge chiefly in the direction 
indicated in this chapter; and in all the various phe- 
nomena pertaining to electric lighting, the theory here 
set forth is found to be closely in aecoidance with the 
facts; hence it has been deemed important to make it 
the introduction to the phenomena to be described 
hereafter. 

The elementary components of the natural universe 
are matter and energy. Matter in the abstract is inert, 
it can move or act only as actuated by energy, and 
energy in the abstract ia incapable of movement or 
Mtion except thj-ough the medium of matter. But wb 
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lave no actual knowledge of either in the abstract, nor 
:can we separate them, and all our conceptions of them 
in this respect are theoretical. All matter, even when 
apparently inert, is under -the-iafluence of energy, both 
in respect to its mass and jw5;inolecilles. ■ The apparent 
niertnesa of the maas-^if 0nty relalijte..": A steel riiil, 
resting in its place-on.t^s -track, Is relaCiyply inert with 
respect to its inimediat:e surroundings, but as a part of 
the earth it partakes pf the earth's motion as _a mass; 
and cloae observatipji and measurement jshosv that its ' 
dimensions are snbJB'et to continual variatidJi with con- 
tinual change of tcjgperature — the result of. expansion 
and contraction, — which proves that it:; onolecules are 
in continual motion. • ^[W s&me is true of the column 
of mercury or alcohol ini the thermometer, in which 
change of dimension is more apparent. 

All matter is subject to change of dimension with 
change of temperature, but not all in the same degree. 
In many kinds, as baked wood, bone and ivory, it hi 
almost imperceptible, requiring delicate instruments to 
detect it ; while in others, as gas, vapor, and mercury, 
it is more prominent ; so that if change of dimension 
be accepted as proof of molecular motion, it must be 
admitted that such motion is a constant, uatural con- 
dition of all matter, since an absolutely stationary 
temperature may be i-egarded as a practical impossi- 
bility. Hence, the absolute immobility of matter, either 
in its mass or its molecules, must be regarded as a purely 
mental conception, having no existence as an actual fact. 

But even if the njainte nance of an absolutely station- 
ary temperature could be demonstrated as a possibility, 
"iuch demonstration would not disprove the continuous 
tiolecular motion of matter, since it has been fullf 
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demonstrated that heat itself is a mode of motion 
that to admit the constancy of beat in matter is to 
admit the constancy of molecular motion. 

It is not importan,t to adduce the proofs on which 
this theory rests. It is siifai^ieut to state that it is 
maintained^ ^y _tit^ highs&t , seicatifie aiitliority, aiul 
accepted aad.i'iiidamentai doc'j^ij^e -A modern science. 

Common observation shows ^tliat iiothing is so hot 
that it can not become hotter, or so cold that it can not 
become colder, heat and cold being inerely convenient 
relative- tetins to express different degrees of tempera- 
ture, iyt^eari .generated under ^ .piessure of several 
atmospheres', i^ muph hotter than, whan generated under 
a pressure' o£".pLia atmosptiere. .Qold iron is relatively 
warm as comparsd with ?cldcr iron. Even ice itself 
possesses a certain degrte of heat. 

The theory of sound, aa an iiiidulatory movement of 
the air, is too well established to require the presenta- 
tion of proof; and the theory of light, as another form 
of undulatory movement, ha„s also been accepted as a 
well-established doctrine. But in regard to the nature 
of electricity scientific opinion has been greatly divided. 
and no theory yet pi-oposed has been so free from objec- 
tion as to be generally accepted. But electric develop- 
ment during the last ten years has done much toward 
the settlement of this question; and the theories and 
opinions of the great electricians of the period imme- 
diately previous are yielding to the steady pressure of 
nt investigation, just as their investigations modified 
isplaced former theories and opinions. 
Mervation shows that electricity may be developed 
neiy kind of matter ; from which we may reasonably 
\ Qiat it is a universal property of matter in the 
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eanie sense as heat. In proof of this, we find that it 
may be promptly developed in the numerous class of 
bodies knovrn as non-conductors by means of friction, 
and in the class known a^ eeUduCCora, which embraces 
all other bodies, by the 'aainfe meail^' if they are first 
properly insulated. .3L&'.lij*'§xainpla'df.t}ffi_ Jitter class, 
we may select a brass' To'd; let it be inairlate'd' pnd sub- 
jected to friction ^rom another insulated body, and elec- 
tricity is rapidly Hevqloped , as shown by attraction, and 
by the spark antj 'Sfinpl That this electrrcity-is devel- 
oped in the rod !t'^Btf, "and not derived froto-th'e body 
by which the frictidD'K.produced, is prov^d'by using a 
metal friction-brnsh^-^JjirL^tal. ia arty-.i^rW-'by which 
a light contact is obtalnad. ; The Tarlfly- and Topler 
elecn-ic machines are exdmplpa p^ this." In the Arm- 
strong hydro-electric machine we have a very notable 
instance of electricity generated by the friction of con- 
densed steam, emitted through metal pipes tipped with 
wood. From these, and numerous other instances which 
might be adduced, we may conclude that electricity can 
be developed in all bodies by friction . its development 
in conductors, when insulated, being equally as prac- 
ticable as in non-conductors. 

The generation of heat by friction is coincident with 
that of electricity, and the heat continues to increase 
long after the electric d&velopnient has attained its 
maximum. If the friction be sufficiently increased in 
the case of a solid body, aa a metal, light is developed, 
the metal becoming incandescent. Thus, by the agency 
of friction, certain phenomena are produced, the first of 
which we call electricity, the second heat, and the third 
iight. The last two we designate as modes of motion. 
Why not the first also? The friction is a result of 



meeIiaiiiL';U energy acting through matter; the energy 
ill this form disappears, and is reproduced as electrieity, 
heat, and light. Each of these then is a different 
manifeetatioii of energy acting through matter as ita 
medium. 

Since these manifestations are different, it is evideiitj^ 
that each must have its own peculiar form of molecular 
motion; that the electric movement, which becomes 
prominent first, is the most easily and rapidly devel- 
oped, and essentially different from the heat movement, 
which, though coincident with it, is developed more 
slowly; while light ia not produced till the movement 
has assumed great intensity, the light changing from 
red to white as the intensity increases. 

In the battery we have electricity produced by chem- 
ical reaction, and heat also as a coincident result. The 
chemical reaction is itself a mode of atomic and molec- 
ular motion by which atoms and molecules interchange 
and form new combinations ; and since the incidental 
heat is admitted to be a mode of motion, we may reason- 
ably infer that the more prominent electricity ia another 
mode of motion ; the energy disappearing in the chem- 
ical mode, reappearing in the heat and electric modes 
— molecular motion in one form being transmuted into 
molecular motion in the other two forms. 

In the dynamo we have electricity generated by 
mechanical action combined with magnetic, electricity 
and magnetism reciprocally producing each other. 
Magnetism is admitted to he the result of a certain 
molecular arrangement in the substance of the magnet; 
and in the soft iron of the eleetro-magnets of the 
dynamo this molecular arrangement undergoes constant 
diEturbancc, producing a series of momentary electric 



■euiTents with such rapidity as to maintain an apparently 
■constant electric action. Hence we must infer that I 
■these magnets are in a constant state of intense moleo- 
Riilar motion; and since magnetism and electricity are 
iilways coexistent and reciprocal, we are warranted in 
the conclusion that they are of the same nature, — gui 
generic, — and that if one is a mode of molecular motion 
the other must be. And this theory gains additional 
strength from the fact that here again we find heat 
generated aa an incidental result, to such an extent 

I that special arrangements are required to keep the 
jSynamo from being injured by overheating. 
In the thermopile we have electricity generated by 
(he direct agency of heat; and in order to create a dif- 
ference of electric potential, which is the principle upon 
^hich every electric generator is based, a difference of 
heat potential must be created. This is accomplished 
by the use of two metals, usually bismuth and anti- 
mony, having different conductivities for heat and 
electricity. Bars of each are smelted together at the 
ends, and arranged in compact form in an alternating 
series, iu such a manner that one set of junctions can 
I heated while the alternate opposite set is cooled. 
^Thc electric currant flows across each heated junction 
&om bismuth to antimony, and across each cooled 
junction from antimony to bismuth, so that at each 
junction it receives a fresh impulpe in the same gen- 
eral direction, since the lieated and cooled junctions 
alternate. The specific capacity of bismnth for heat 
is 0.030, and that of antimony, 0.051, that of water 
being unity ; and the temperature of each, when heated 
' cooled from the same source, varies inversely as 
specific capacity; hence, at the heated jiinctiona 
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the temperature of the bismuth rises above that of the 
aiitimonji and at the cool'ed junctions falls below it; 
and es the heat movement as well as the electric move- 
ment is from higher to lower potential, we find here an 
exact correspondence in the movement of each. 

But there is also a difference in the molecular consti- 
tution of the two metals, as indicated by their eryetalline 
structure, bismuth crystallizing in one form while anti- 
mony crystallizes in another ; and the greater the dif- 
ference in this respect, as well as in conductivity for 
heat and electricity, between these or any other two 
metals, the more energetic the thermoelectric action. Ia< 
deed this difference in crystalline stracture, and hence in 
molecular constitution, is undoubtedly the cause of the 
difference in conductivity ; the difference in electric 
and heat potentials corresponding, as shown, to the 
difference in electric and beat conductivities. 

But we have also in this instrument an instance of 
the reciprocal action between heat and electricity. If 
instead of heating and cooling alternate junctions to 
generate electricity, an electric current is passed through 
from an external source, the junctions become heated 
or cooled according to the direction of the current. A 
current passed through a bismuth-antimony pair from 
antimony to bismuth heats the junction, while if passed 
through from bismuth to antimony the junction is cooled, 
I According to the doctrine that heat is a mode of motiou, 

I the heating is an increase in the intensity of motion, 
and the cooling a decrease of that intensity ; and in 
lliis experiment the reduction of temperature has been 
carried to such an extent that water has been frozen in 
' cavities made in the metals. It will also be perceived 
tUt the same correspondence of movement between 
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^^^Brhich heat is generated, as in the direct action b; 
^^^Brhich electricity is generated. 

^^V The generation of electricity by light, or, aa Dr. 
^^VWerner Siemens terms it, "the direct conversion of 
^^P the energy of light into electric energy," has received the 
^" attention of leading electricians, and led to the inven- 
tion of instruments for that purpose ; and, although the 
invention is still confined to the laboratory, enough is 
known to demonstrate the possibility of such convep 
sion, and hence to establish the fact of such an intimate 
relation between these two different manifestations of 
energy as to indicate tiie probability of a similar nature. 
The means employed i.s, in some respects, not unlike 
that already described for the generation of electricity 
by heat, — a combination ol metals differing in molecu- 
lar conetruction and conductivity. But in this case 
metal plates are used ; and selenium seems to have the 
preference, combined with gold and some base metal. 

The accepted doctrine of light as a mode of motion 
is too well known to require elucidatiou here; but the 
nature of the instrumeut above referred to, and the re 
quirement of metals for its construction differing in 
molecular constitution, indicate that the mode of mo- 

tiion known as light is changed by contact with the 
metals into the mode of motion known as electricity, 
Vither by this contact generating the resulting mode of 
motion in the metals themselves, or in some medium 
permeating their structure. 

The action then in all these modes of generation is 
both direct and reciprocal. Heat produces electricity, 
and electricity produces heat; magnetism produces eleo- 
trieity, and eJectricity magnetism ; light produces elec- 
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ly, and electricity light. There 13 also reciprocal 
action hetveen mechauical motion nnd electricity ; but 
the coanectioa is not so cloite anil intimate as between 
the different forms of molecular motion, in which proof 
in i-egard to the nature of one becomes proof in regard 
to the nature of the other. 

Thus far we have confined our attention to electric 
generation, but electric transmission is of equal impor- 
tance in elucidating our subject; for if we could satis- 
factorily determine how electricity is transmitted, we 
should be in a fair way to determine what it is. 

Assuming the truth of our original proposition, that 
energy is inseparable from matter, and that electricity 
is one of the forms iu which energy manifests itself, ft 
medium, consisting of matter in some form, h essential 
toils transmission. On this point there are two theo- 
ries; one, that energy uses the different forma of tan- 
gible matter as its medium ; the other, that all tangible 
matter — solid, liquid, and gaseous — is permeated by a 
wrtaiu intajigible fluid known as ether, which consti- 
tutes the medium for electric trananiission. The for- 
mar theory assumes that electric transmission is by 
vibrations of the tangible mutter itself, the latter, that 
it ia by vibrations of the intangible ether. As both 
theories assume a mode of motion, and are in thiii 

inspect equally well adapted to our purpose, it is uune- 
oeasary to enter into the discussion of their respective 
BeritB, further than to suy, that the existence of ether 
hu never been demonstrated, that the ether theory is 
unsupported except by inferential proof, and that thit 
transmission of electric energy by the vibratory motion 
I ti tangible matter is the more reasonable theory of tl\Q . 
■I^Htnd far more sutjceptible of demomtral\on. ^^^H 
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The theory of the universal ether was origmally in- 
vented to meet the ueeesaity of a medium for the trana- 
mission of light througli the interplanetary spaces, 
where it has been supposed that air can not exist, and 
its adaptation to electricity is of more recent origin. 
But the theory of the existence of a universal atmos- 
phere, like that of the earth, has strong support, though, 
in the interplanetary spaces, it must be almost as im- 
palpable as the supposed ether itself. 

The two important factors in electric transmission 
are conductivity and resistance ; one of which is always 
in the inverse ratio of the other, and the relative pi-o- 
portiona of each in every substance constitute the dif- 
ference between the conductor and the non-conductor. 
We may assume that electric transmission depends 
[-.on molecular structure, that in good conductors this 
atructure is such as to facilitate transmission, and in 

iferior conductors to retard it, while the structure of 
non-conductors is such as almost wholly to prevent it ; 

d we may suppose, that in a good conductor the 
molecules lie in parallel lines, and that the electric 
enei^y causes each molecule to impinge on the next 
contiguous one, producing an undulation which runs 
through the conductor for perhaps a thousand miles in 
an instant; but that in the inferior conductor, or the 
non-conductor, the molecular arrangement is more or 
less irregular, requiring a wrenching or twisting of the 
molecules to bring them into position. It is evident, 
that in the latter case far greater energy is required to 
produce the same result, and that this series of wrenoh- 
iugs and twistings must result in the coincident de- 
velopment of that other mode of motion which we term 
heat. So that while in a good conductor, as a coj^ier 
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wire, electric transmission is easily effected, aud the 
development of heat very slight, in an inferior coq- 
dactor, as a platinum wire or a carbon filament, the 
heat development rises to incandescence. These results 
indicate that the transmission of electric energy is hy 
molecular motion, as assumed, or rather that this mode 
^f motion by which this energy manifests itself is that 
vhich we term electricity. 

According to the old theory of thunder and light- 
ning, the passage of electric floiid through the air pro- 
duces the flash, and the thunder is a result of the air 
displacement and collapse. This theory is evidently 
incompatible with the theory of electric energy using 
the air as its niediiira. According to the latter view, 
there is no passage of electric matter through the air, 

Sid eo^gequently no displacement except that resulting 
^uf4;ne incideutal development of heat. The eleetrio 
discbai:ge takes place along a narrow line, often three 
to five miles or more in length. The air along this line 
becomes incandescent, and is expanded by the intense 
heat; but the partial vacuum thus created is confined 
to this narrow line, and the collapse is quite insufficient 
to account for the terrific pea! of thunder which often 
accompanies the flash. But the intense vibration occur- 
ring throughout this long line in an infinitesimal moment 
of time must produce the thunder-])eal in strict accord- 
ance with the weU-ltnown laws of sound. It is possible 
that the succession of vibrations following the discharge^ 
and set m motion by it, produces the rumble often 
heard, but the one tremendous vibration is the first 
immediate result of the discharge. 

Comparing the results of thunder and lightning with 
those of explosions of gunpowder and dynamite, we 
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^^1 find a very essential difference. In the explusion there 
^^1 is a displacement of a great volume of air, not confined 
^^H to a single line, but diffused over a large space ; and 
^^1 the results of the sudden expansion and collapse are 
^^P often the breaking of glass and the destruction of 
I buildings in the immediate vicinity, the eifect of the 

air movement being often felt at a distance too great 
I for the Bound to be audible. But the electric discharge 

I tabes place over our dwellings, or between earth and 
cloud iu our inamediate vicinity, accompanied by the 
terrific thunder-peal, often far exceeding the sound of 
the loudest explosion, and the only perceptible effect i& 
a slight tremor such as should follow from the vibratory 
movement assumed in oiir hypothesis. Hence we con- 
clude that the transmission of electric energy in this 
ease is by a vibratory motion ; or, as before, that this 
mode of motion, so produced, i» electricity. 
All electric action is an exhibition of energy, whether, 
it be in the movement of a pith ball, in the flash of 
the electric spark, in the brilliancy of the arc liglit or the 
softer radiance of the incandescent, in the deposition 
of metal by electrolysis, the click of the telegraph, the 
flpeech-produeing movement in the telephone, the pro- 
pelling of cars on a railway, or in the lightning's flash 
rending the oak. It produces chemical decomposition, 
mechanical motion, light and heat. It inflicts pain, 
destroys life, soothes suffering, heals disease. All these 
■varied phenomena are different manifestations of energy. 
Since electricity, then, is a product of energy and a 
' producer of energy, it is manifestly closely allied to 
\ energy. But high electric authority says, " Whatever 
I . electricity is, it is not energy." This is true if we speak 
I of energy in the abstract. But in this sense neither ia 
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heat energy, nor light, gravity, or mechanical motion. 
Energy in the abstract is a mere mental conception 
having no actual existence ; it must act through matter 
as its medium, and in this concrete sense there can be 
no more objection to regarding electricity as one of the 
forms in which energy manifests itself than in regard- 
ing heat, light, or sound in that sense ; and since every 
manifestation of energy is by means of motion, the 
conclusion seems inevitable that electricity is a mode of 
molecular motion. 



I 



pRINCIPLEa OF THE DyNAMO. 

The requisites for the production of the electric light 
are an electric generator, an electric lamp, and a con- 
ductor connecting the generator and lamp. 

The generator must be capable of producing continu- 
ous, steady electric action of sufficient energy for the 
required work. It may be either an ordinary battery 
or a dynamo. 

From the beginning of the present century until 
about 1867 the battery was the only known generator 
capable of producing the electric light ; the electric 
machine, though capable of powerful effects, being 
incapable of producing a continuous electric current. 
All batteries are not equally well adapted to thia pur- 
pose : the Daniell, Leclanch^, and many others, which 
are adapted to various other kinds of electric work, are 
not suitable for the production of the electric light. The 
Buneen battery can be used; and if a light of short 
duration only is required, as in surgical examinations 
or theatrical effects, any good carbon-zinc battery will 
answer the purpose. But for a strong light of several 
hours' duration, the Grove battery is superior to all 
others, 40 to 50 Grove cells being capable of producing 
Buch a light for two or three hours. From these facts it 
is easy to see why electric lighting, though kuown as 
early as 1800, was merely a laboratory experiment untU 
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about 1867; the great expense and labor of renewing 
the fluid in 40 or 50 Grove cells once in two or three 
hours being alone sufficient to render the ordinary use 
of the light obtained in this way impracticable, while 
the noxious fumes from such a battery make its use. 
for this purpose practically prohibitory. 

The Dynamo, — In 1867 the previous inventions of 
several leading electricians culminated in the produc- 
tion of the dynamo ; and the problem of general electric 
lighting on an economical basis received a practical 
solution, since electricity could now be generated by 
mechanical power at far less cost and in far greater 




Fig. 1. 



quantity than was possible or practicable by the chemi- 
cal process of the battery. 

Without entering into perplexing details, the essen- 
tial parts of the dynamo, and its mode of action, may 
be briefly described. Tliese parts are the armature, the 
field-magnets, the commutator, and the brushes. 

The Armature. — The armature, in its usual form, 
consists of a number of coils of copper wire, wound on 
an iron ring, which is mounted on an axis and revolved 
between the poles of the field-magnets, as shown in 
3 iron ring or core of the armature may 
number of iron wire rings, or of flat rings 
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^^Bvtamped out of thin sheet-iron, and placed vertically 

jj^^p^de by side, or of thin iron hoops laid over each other. 

^T These should be of the best soft, iron, and electrically 

insulated from each other by varnish, asbestos, mica, 

or other suitable insulator. Solid iron cores are objee- 

Ptionable, chiefly on account of becoming heated; and 
■the cores here described are greatly improved by having - 
an open structure, so far as practicable, for the free 
circulation of air, by which the heating is greatly 
reduced. The insulation and composite structure, 
described above, are also important in giving the 
t-fliectric current its proper normal direction, and pre- 
■-veuthig the formation of the electric eddies, known 
|ias Foueault currents, which waste the energy and 
^Derate heat, a fault to which solid cores are espe- 
K«ially liable. 

The coils shown in the cuts are reduced to a, few 
[ turns of wii'e and an open structure, but those in actual 
. use consist of a number of layers closely wound like 
thread on a spool. The wire should be as large, and 
the number of turns in each coil as numerous, as practi- 
cal convenience will admit; the resistance of the wire 
to the passage of the electric current, and the conse- 
quent beating, being reduced with increase of size, while 
the electric energy increases with the uumber of turns ; 
each turn adding its quota to the current generated, 
provided the amount of copper is thereby increased; 
but there is no increase of energy by the mere substitu- 
tion of fine wire for the same amount of copper in 
coarse wire. The wire in the coils, and in every part 
of the dynamo and its connections through which an 
'electric current flows, must be covered with some' 
I good insulating material, which will conflne the cur- 
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rent to the direction in which it is designed to flow, 
and prevent its escape from one turn to another, 
or to any object with which the wire may come in 

contact. 
The Committator. — Figs. 1 and 2 show that the 

ends of the coils connect with cylindric segments at 




I of the armature: these constitute the com- 
[ator, whose use will be fully explained hereafter. 
Its segments are of copper or some other suitable metal, 
as phosphor-brouEe, or gun-metal ; the requisites being 
that the metal must be a good conductor, and not liable 
to heating or corrosion. They are attached to the axis, 
and insulated from it and from each other, and of the 
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I^ne number as the coils; and special provisions are 
uired to preveut the spaces between segments from 
I^ecomiug clogged with conducting material as copper- 
dust, or carbonized oil, by which the insulation is 
reduced or suspended. 

Closed Circuit and Open Cirodit Armatdrbs. — 
In some armatures the coils connect with each other all 
around in a closed circuit, while each one connects also 
with a separate segment of the commutator, as shown 
in Fig. 1. In others they are arranged in x>airs on 
opposite sides of the ring, each pair being connected 
with opposite segments of the commutator, and inde- 
pendent of all others, as shown in Fig. 2. The first kind 
are known as closed circuit armatures, as in the Gramme 
dynamo ; the second kind as open circuit armatures, as 
ill the Brush dynamo. 

The Brushes. — The brushes by which the electric 
cuiTent is taken up and transferred through conductors 
to the lamp are shown in Fig. 2, in their usual position 
in contact with the commutator. They are made of 
copper, and are of different styles, as shown in Fig, 3, 
which shows the under brushes as viewed from above; 
lie style at A consisting of two layers of wires soldered 
ftogether at the upper end ; the one at B, of two broad 
Mtrips divided as shown for a certain distance from the 
Rower end ; the one at C, of several undivided strips of 
|idi£ferent leugths, overlapping each other. Sometimes 
btwo of these styles, as A and B, or A and C, are com- 
Hiiiied in the same brush. The main object is to obtain 
tthe best contact at numerous poiuts, and to prevent the 
bniBte of energy and irregularity caused by sparking at 
Bfae points of contact. The brushes are held iu suitable 
plamps iu the position shown in Figs. 1 and 2, their free 
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ends pointing in the direction in which the armature 
revolves ; and a steady pressure is maintained by their 
elasticity. 

A 




The Field-Magnets. — In Fig, 1 we have an ideal 

representation of the field-magnets on each side of the 
armature, with their pole-pieces partly inclosing it. 
They may be permanent steel magnets or electro-mag- 
nets. Permanent magnets are suitable only for small 
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hand dynamos, designed for experimental laboratory 
work. For this purpose the permanent magnetism is 
an advantage, since there tan be no such increase of 
force as to prevent tlie operation of the dynamo by 
hand, which might be the case with electro-magnets. 
But the low energy of permanent magnets as com- 
pared with electro-maguet-s, and their liability to par- 
tial loss of magnetism with ^e, render them unsuitable 
for dynamos of the energy required for the electric 
light. 

The term electro-magnet is used to designate any 
magnet having an iron core wound with insulated 
wire, through which wire mi electric current may be 
transmitted: the armature itself is such a magnet. 
The core becomes magnetic only while the current 
id flowiug through the wire ; and its magnetism ceases 
with the cessation of the current, leaving only a 
slight trace known as residua! magnetism, which in 
dynamos has an important function, as will be ex- 
plained hereafter. 

The ends of every magnet are technically termed 
poles, distiuguished respectively as north and south by 
the direction in which a straight bar magnet points 
when freely suspended, and marked N. and S. In the 
dynamo, north and south poles fice each other; and 
into the apace between them, in which the armature 
revolves, lines of magnetic force radiate, constituting 
what is technically termed the magnetic field; hence 
the magnets are called field-magnets. They may be 
straight magnets, as shown in Fig. 1, a single north 
pole facing a single south pole ; or horse-shoe magnets, 
two north poles alternately facing two south poles. 
The core should be of the best soft hou, either wrought 
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or cast. The pole-pieees, which are considerably wider 
than the core, are curved on the faces, inclosing a 
large portion of the amiattire and confining all the 
lines of force, and are placed as close to the arniatnre 
as safety of rotation will admit, so as to reduce the 
magnetic resistance to its raiuimum, as the lines of 
force traverse the field; the resistance of the air being 
immensely greater than that of the iron core of the 
armature. 

Cast-iron is generally used for the pole-pieces, hut 
wrought-iron is sometimes preferred ; and a laminated 
structure, composed of numerous thin layers combined, 
is also recommended ; the object being, as in the arma- 
core, to give the lines of force their proper 
ictaon. 

I wire, well insulated, is as essential for the 
rinding of the field -magnets as for that of the 
armature, for the reasons already given ; and a greater 
body of wire in the central portion of the magnet 
than near the ends is recommended, as giving a 
more even current, less subject to sudden fluctuation, 
which, in an electric-light dynamo, is a very essential 
point. 

The Dynamo's Mode of Action. — It has been 
shown that lines of magnetic force from the poles of 
the field-magnets radiate into the space between them, 
linowii as the magnetic field. The direction of these 
lines is from the pole techaiically known as the north 
to the one known as the south pule ; and their number 
may be considered infinite throughout the field, though 
more numerous in some parts than in others. When a 

I of wire is rotated in this field, temporary electric 
ints circulate in the wire at right angles to the 
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c lioes wliich pass through the coil, and the 
elec-tromotive force of this current varies as the natnber 
uf those lines. 

DiFFEKENCE OF POTENTIAL. — It is absolutel^' ueccssary, 
in the generation of these currents, that the magnetic 
intensity should vary, or, as technically termed, that there 
t^liould be a difference of magnetic potential at different 
points; and this difference ia produced by the different 
relative positions of the armature coils, as they rotate, ■ 
with reference to the lines of force. As the object of 
every electric generator is to create and maintain a differ- 
ence of electric poteutial, it is evident that if the arma- 




Pig. 4. 
tiire rotated in a uniform field with its axis parallel to 
the magnetic lines, so that the number intercepted by its 
coils was always the same, there would be no difference, 
either of magnetic or electric potential, and hence no 
current. The generation of current depends on the 
fact that the coils cat across those lines, continually 
changing position and intercepting a number varying 
from zero to a maximum ; the position of each coil with 
reference to the lines being alternately reversed by the 
rotation of the arniatnre, at each half-revolution, as shown 
by Fig. 4-, producing alternate reversal of current. 
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The current alwaya flows from the point where the 

pressure is greatest to the point where it is least; 
that 18, technically, from higher to lower potential, just 
as water flows from a higher to a lower level, or ste:im 
rushes through a pipe from where the pressure is greatest 
to where it is least. 

Cetersed CnRRENTS. — The diret-tion of the current, as 
stated, is always at right angles to that of the magnetic 
Hues ; and when by the rotation of the arniatnre the move- 
ment of the coils, as viewed from the pole toward which 
the magnetic force moves, is upward next that pule, the 
current circulates in the coils in the same direction as the 
hands of a watch move, as shown at the upper left hand 
forner of Fig, •!; but when the movement is downward 

ixt the pole from which it moves, the direction of the 

irrent is reversed, as shown at the lower right-hand 
ifcorner; the latter direction being known as the positive 
sen^e, and the former as the negative. 

It is evident, then, that at each revolntion of the arma- 
ture two distinct electric currents are generated in its 
coils, one during each lialf-revohition ; that each coil 
parses through two neutral points where the currents 
reverse, and where it intercepts a minimum number of 
the magnetic lines, and also through two points where 
it intercepts a maximum wumber. Tlje generation of 
current bi^iis at the instant the first neutral point is 
passed, increases as the difference in the naral>er of lines 
intercepted per unit of time increases, diminishes as this 
number decreases, and ceasca at the second neutral point. 
Here a new current begins, which passes through tl'e 
same phases of increase and decrease during the secoml 
half-re volution, and the relative position of the coil being 
reversed the direction of the current is reversed also. 



^V rev< 
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Eucli of tlieBe currents is transitory, its rise, fall, and 
reversal occupying only an instaut, and passing into tlie 
external circuit througli the brnslies and cnmmntator, or 
collector, as an undnlation ; and the continuous current 
of the dynamo is composed of a succession of the»5 
transitory currents, and is direct, if passed throngb a 
commutator, but otherwise, alternating, as explained here- 
after. 

It ia not essential to the generation of an eleetrie 
current that the wire should he in the form of a coil ; a 
straight wire, or one hent into any conceivable shape, and 
forming part of a closed circuit, if moved through a field 
of varying magnetic intensity by rotation, or in any other 
manner, will have electric currents generated in it, 
whether it moves from greater to less, or from less to 
greater intensity. Or such a wire or coil, if moved 
through a perfectly uniform field in such a manner as to 
intercept a varying number of lines of force, per unit of 
time, will have electric currents generated in it. It is 
evident, however, that a perfectly uniform field between 
opposite north and south poles is a practical impossibil- 
ity, magnetic intensity, north or south, decreasing from 
one pole to the other, each k^'nd in the inverse ratio of 
increase in the opposite kind. The chief advantage of 
the coil consists in its capability of inclosing an iron core, 
which by its magnetic conductivity intercepts and leads 
the lines of force through it, in close proximity to the 
inclosing wire, so as to produce the highest indnctive 
effect. 

According to a theory now somewhat obsolete, the 
iirrents are generated by the lines of force threading 
iirough the coils, the interior wire thus taking part in 
the generation equally with the exterior ; bnt experiment 
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seeniB to prove that this theory is f allacions, aa no current 
is foand in the interior and end wire when not continu- 
ous with the exterior; its office t>eing apparently that of 
a conductor of the currents generated in the exterior 



I~ r 
OMMUTATioN. — By reference to Fig. 5, it will be seen 
tlie curreiita generated in the armature are taken \i\> 
by the brushes and circulate in the direction shown by 
the arrows through the coils of the field-magnets and the 
extfrnal circuit in which the lamp is placed. If there 
were no commutator the currents in this circuit would 
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be alternately reversed, and we would have the alternat- 
ing-current dynamo, which corstitntes a distinct class; 
but it will be seen by Fig, 6 that at the iustaut the arma- 
ture current ia reversed, the jxisition of tlie opposite eeg- ■ 
ments of the commutator with reference to the brushes 
E reversed alao, each segment as it moves nut of contact 




with one brush moving into contact with the opposite 
brush, BO that each transitory current, generated in the 
connected coil, passes into the external circuit in the 
same direction by this commutation; for, as shown in 
Fig. 4, the current is always in the same direction in each 
of the two opposite poeitions of the coils, hence if taken 
I up by each brush before reversal, all the currents niUBt 
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pasB oat of the arrnatore at one brush and iuto it at the 
other, as shown in Fig, 5, and therefore flow iu the same 
(iirection throngh the external circuit, 

Bnt if there were only two eegmeuts and two coils, it 
is evident that a break in the current would occur at each 
half-revolutiun. But with four segments and four coils 
it riglit atiglee to each other, ae shown in Fig. 7, and the 




Pig. 7. 
brashes so constructed as to make contact with the ap> 
proachiug segment before breaking contact with the 
receding segment bo as to bridge the intervening B[uico, 
the current becomes continuons, one pairof coils generat- 
ing cnrrent while the other pair is passing the neutral 
points. Bnt the cnrrent though continnooe, would l>e 
noeven, rising and falling in waves as the co\\a ^asKftA. 
the neatral to t}ie mnvimnm i^mwlft, ttT\4 twosA. 
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again to tlie neutral This is corrected by multiplying 
the coils and segments, as shown in Fig. 1 (page 15), 
thns multiplying the number of waves and redneing 
(.heir length and intensity in the same ratio. 

In closed circuit armatures, as shown in Fig. 1, all the 
transitory cnrrenta on the same side reinforce each other, 
the coils being all connected togetJier, and each con- 
nected also with a separate eegraent of the commutator. 
BO that each coil has constant connection with the brnshep, 
tliroujrh the commutator, during the entire revolution of 
the aniiuture. Hence if the brushes were placed at the 
maxiiiinm points it is evident that the opposite coils on 
each side wonld be carried past the neutral points by rota- 
tion before the cuunectud commutator segments reached 
the bruslies, and the generated currents be nentmlfzed by 
the generation of reversed currents of eqnal strength, 
and the external cnrrent cease. But when the brashes 
are placed at the neutral points, all the currents gener-. 
eieu on the left, when the rotation is in the direction of 
watch hands, as in Fig. 5, pass into the external circuit 
by the upper brnsh, white those generated on the right 
are augmented by the current Howing in from this 
cironit by the lower brash. Hence since no external 
current is obtained with the brushes at the maximum 
points, while a maximum current is obtained when 
they are at the neutral points, it is evident that, in 
any intermediate position, there must occur a partial 
neutralization by opposing cnrrents; the neutralization 
decreasing and hence the electromotive force increas- 
ing as the brushes approach the neutral points, and these 
conditions being reversed as the brnshes approach the 
maximum points. 

By attaching the brnshes to an insnlating yoke hy 
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wliieh they can be moved simultaneouely to any two 
opposite points, the electromotive force and resulting 
current can tbua be regnlated as required, within certain 
limits. But such regulation tends to increase sparking 
at tlie brushes, a wasteful and injuriona beating effect, 
difficult to suppress. Dynamos with open-circuit arnia 
tares are susceptible of similar regulation. 




Fig. 8. 



^^™T^E AMtiTCRE'e Mode op Action, — If the armature 
irere constructed without a core, or with one of high 
resistance, its energy would be comparatively low, de- 
pending solely on the electricity induced in its coils by the 
field-maguets. Tlie principal advantage of the iron core 
consietB, not only in farnisbing a medium of high 
magnetic conductivity by which the lines of force are led 
into close proximity with ytlie coils without loss, but 
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chieflj' because it makes the armature itself an electro- 
magnet, acting reciprocally with tlie tield-raagnets to 
multiply the magnetic and electric effects Iiy tnutiial re- 
action. In an armatnre without an iron core the lines of 
force would run nearly parallel from pole to pole; the 
concavity of the pole-pieces producing parallelism in 
lines which would be divergent if radiated from 
one plane surface to another. The same parallelism ie 
fonnd to exist when the magnets are separately excited, 
and the armature is not rotating, ae shown in Fig. 8, 
where the lines passing into the armature in the central 




region are seen to be parallel, while those at the extrerai- 
ties of the pole-pieces, above and below, are slightly 
curved. It will be noticed that the lines are denser near 
the extremities of the pole-pieces than in the center, and 
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that the relative nnmber passing tliroagh the interior of 
the armature is eomparatively email. 

The field -magnets indnce opposite polarity in those por- 
tionB of the armature core adjacent to each pole, as shown 
in Fig. 9, while the electric currents circulating in the 
armature coils induce in the same parts of the core, 
polarity similar to that of each field-magnet pole, north 
polarity on the right and south polarity on tiie left, when 
the rotation is in the direction indicated by the arrow. 
This polarity is much stronger than that induced by the 
field-magnets, and on account of the mutual repulsion 
between these poles and the similar poles of the field- 
magnets they are deflected into a position nearly at right 
angles to that of a line joininj^ the field-magnet poles, as 
shown in Fig. 9, tbe north pole upward to nn, aud the 
south downward to as, the field-magnet poles being, for 
the same reason, deflected into the positions indicated in 
each by the letters n and s. Hence the lines of force 
become greatly contorted, as shown. 

But the armature core does not become fully magnet- 
ized at the instant induction occurs, nor fully demagnet- 
ized at the instant it ceasea, an infinitesimal moment 
being required for magnetic saturation in the first in- 
stance and demagnetization in the second, known as mag- 
■netic lag, during which its poles are moved slightly for- 
ward by the rotation, increasing the contortion of the 
lines. 

These positions of the armature's poles become com- 
paratively stationary, varying slightly with the speed of 
rotation, the core rotating through them, and the mag- 
netic strength and polarity of each portion changing with 
jEL,poeitton. Hence the neutral line, whete the currents 
, is through the armature's principal poles, nn 
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and gs, its position being diap;oiial to that of a Hue 

throngh the centres of the pole-piecee. 
^^1 When a new dynamo is completed and ready for use. 
^^R|t is found that the iron, during the various manipula- 
^V'tious to which it liiia been subjected, has become slightly 
' magnetic i and this residual magnetism, as it is termed. 

id the germ of magnetic and electric energy from which 
; the full power of the machine is derived, 

»When the armature begins to revolve, and its coils 
intercept the lines of force from this residual magne- 
tism, found in the field, incipient electric currents are 
generated in them, which, having been commuted into 
a single direct current and taken up by the brushes, 
circuiate through the coils of the field-magnets. These 

I incipient currents induce magnetism in the cores, and 
thus increase the magnetic intensity of the field, so that 
the armature coils intercept an increased number of 
lines of force. This increases the magnetism of the 
armature core, inducing greater energy in the electric 
currents generated ; and these currents, passing into the 
field-magnet coils as before, continue to increase the 
magnetic intensity of the field. Thus, magnetism aug- 

Iments electricity, and electricity reacts to augment 
magnetism ; and this series of reciprocal reactions 
Iwtween the armature and the field -magnets, and 
between the magnetism induced iu the cores of each 
and the electricity induced in their coils, increases the 
magnetic and electric intensity of each in geometrical 
ratio, so that in a few moments the incipient current, 
induced by the feeble germ of residual magnetism, has 
teeome the powerful current which produces from a 
series of arc lamps a light of 100.000 candle-power. 
When a dynamo stops running, its electric and mag- 
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netio energy cease, but it still retains the residual ; so 
that, when put ni operation again, its energy is rapidly 
developed, and the electric current generated as in the 
first instance. 

It is evident from the manner of electric development 
as described above, that the electric energy generated 
must vary as the speed of rotation of the armature, so 
that the more rapid the rotation, the greater the energy 
developed. But there are certain limits which cannot 
be exceeded, dependent chiefly mi the strength of 
material and the incidental development of heat. If 
the limit of strength is exceeded, the armature is liable 
to fly in pieces ; and if too much heat is developed, the 
insulating material may be charred and permanently 
injured, or the electric and magnetic properties of the 
metals be temporarily reduced. The development of a 
certain amount of heat is inevitable, and it varies in 
different dynamos according to the method of construc- 
tion. Hence the adjustment of speed in each case 
becomes an important item. Taking the number of 
feet in the circumference as a basis, the rate of speed 
in most dynamos varies from two to three thousand feet 
per minute, while in some it «quals five thousand ; that 
Ib, that number of feet of circumference passes a given 
poiot in a minute ; and the number of revolutions per 
oiinute, in any case, can be ascertained by dividing by 
the number of feet in the given circumference- 

To the ordinary observer, not versed in electric 
sdQiice, and especially to the mechanic, accustomed to 
visible, tangible resistance requiring power to over- 
come it, the resistance of the. dynamo is a profound 
mystery. Here is an arniatiire capable of being put iu 
rotation by a few pouudti pressure applied with the 
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hand, and rotating apparently in empty space; 
through some invisible agency the resistance increases 
with the speed, tUl, in a few momenta, an engine of a 
hundred horse-power is required to sustain the rotation. 
But this apparently empty space is the magnetic field 
through which radiate an infinite number of lines of 
force, cut by the armature coils, and generating the 
electric current in the manner described ; so that 
the resistance, though invisible, is as real a^ that of the 
machinery of a factory. It is, in this respect, a resists 
ance similar to that of gi'avity, unseen, intangible, yet 
real. 

Series Shunt and CoMPorsn WiwDiNa. — Dynamos 
are divided into three classes, according to the method in 
which the field-magnets are wound and the relations of 
this winding to the eNterniil circuit, known respectively 
06 series, shunt, and compound wound. In the series 
vonnd dynamo, illustrated by Fig. 5, the entire current 
traverses a single route of low resistance, passing in series 
through the armature coils, field-magnet coils, and ex- 
ternal circuit, back to the armature; so that any varia- 
tion of resistance, at any point, aa by the introduction 
of a lamp or otherwise, affects the wliole series equally ; 
the current strength varying inversely as the resist- 
In the shunt winding, illustrated by Fig. 10, two dis- 
tinct circuits are provided, an external circuit of coarse 
wire, and hence of low resistance, and a shunt circuit 
of fine wire and high reBistance, wound on the field- 
magnets. The current divides at the upper brush in the 
inverse ratio of the resistiince of each circuit, IJi^ to 'ii'% 
traversing the shunt and employed exclusively to excite 
^ite Seld-magnets, while the mail, current flows throngh 
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the external cirenit and is employed for useful work, as 
tbe production of light. 

If the resistance of the external circuit is increased, as 
by the introduction of a lamp, the strength of its current 
ifi proportionately diminished ; but the potential differ- 




ence, or electromotive force, between the brushes, repre- 
senting the electric pressure, is increased by the dimin- 
ished flow of current in the ratio this increased resistance 
tears to itself plus the annature's resistance: and as the 
resistance of the shunt remains constant, the strengtli of 
its cnrrent ia proportionally increased by this increase 
of electromotive force j and tbe Tnagnetlem oi ^.U'e, Wi\e, 
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being iDcreased in the inverse ratio of its magnetic 
Batnration by this increase of current strength in the 
shunt, its reaction increaBes the current strengtli in both 
circuits, thus supplying electric energy to overcome the 
increased resistance. By this series of adjustments an 
equilibrium between these various factore is established, 
the total electric energy developed varying as the 
mechanical energy expended. Decrease of external re- 
sistance reverses these results, 

This increase of current strength in the shunt is rela- 
tively small as compared with decrease of that in the ex- 
ternal circuit. Current ie not diverted from one branch 
to the other, which would imply that the strength of the 
shunt curren!, is increased to the same amount as that of 
the externa] circuit is diminished, but varies as the rela- 
tive conditions of resistance and electromotive force vary 
witli respect to the relative capacity of each branch of 
the circuit. The resistance of the shunt may be varied 
as required by resistance coils. 

The compound winding, illustrated by Fig. 11, is a 
combinatioQ of the series and shunt metliods; a shunt 
circuit of tine wire and high resistance being employed 
exclusively to excite the field-magnets, while a coarse 
wire circuit, of low resistance, is also employed for the 
same purpose, and connected with the external circuit, as 
in the series method. The automatic regulation is sim- 
ilar to that of the exclusive shunt method, except that 
the entire current flows through the field-magnet eoilfl. 
This method is susceptible of very delicate adjustment 
and regulation by adjusting the relative resistances of the 
two circuits. 

Each of these three methods of winding has its special 
adaptation to the requirements of a certain kind of work. 
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In electric lighfiDg it is found that the series wound dy- 
iiamo is usually the moat suitable for arc lighting, and 
theshuutand compound wound for incaiidcBcent light- 
ing; are lighting requiring high electroniotive force anil 
eoiuDaratively aujall current, while the requirements for 




incandescent lighting are the reverse : which leads to the 

clflBsiticBtion given below. 

Constant Cdeeent Dynamo. — To maintain a numlier 
of are lamps, connected in series, at a given illumination, 
3 constant current flowing from lamp to lamp is required 
for each. If but one lamp were liglited the required 
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electromotive force, or potential, would be comparatively 
smaH; but if two were li^'lited, the resistance being 
doubled, the electromotive force must be doubled to 
maiutain the same current etren^h ; and tbe same ratio 
nf electromotive force to resistance must be maintained 
fur any number lighted or extinguished. 

Hence the construction and regulntion of a dynamo 
Tor such wort must be such as to furnish electromotive 
force capable of variation within tbe required range; 
and a maeliine so conatruct«d is known as a eoiisUmt 
current dynamo, and is usually series wound, as stated 
above. 

Constant Potential Dynamo. — But if tbe required 
work were the maintenance of a number of incandescent 
lamps connected in parallel, tbe lamps being on branches 
derived from tbe main circuit, the variation of resistance 
is confined to these brancbes, in which it l)ecomee ad- 
justed to tbe requirements of the current, tbe resistance 
of tbe main circuit remaining constant; hence the 
electromotive force remains nearly constant, and a ma- 
cbine adapted to such work is known as a constant 
poterUial dynamo, and is either ebunt or compouud 
wonad. 

DlRiXTT CcEBENT AND AlTEKNATINO CuBRENT DyMA- 

M08. — Dynamos are divided, according to the nature of 
the current generated, into two classes, tbe direct cur- 
rent and alternating current, according as the cnrrent 
flows continuously in one direction, or alternately in 
oppoeito directions. For some purposes, especially that 
of electroplating, a continuous current in one direction 
is an absolute necessity, as a i-cversed current would, in 
this case, remove the metal deposited by tbe direct cor- 
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rent; but in electric lighting, it is a matter of less con- 
sequence, continuity and steadiness being of more im- 
portance than direction of current. 

It has already been shown that the continuous cur- 
rent is made up of a succession of transient, momen- 
tary currents collected into one ; and that, by means of 
the commutator, these are all made to flow in the same 
direction. But for the purpose of continuity, it is 
immaterial whether these momentary currents are in 
the same direction or in opposite directions, provided 
there is no perceptible break between them. The case 
is analogous to that of a circular movement as com- 
pared with an oscillating movement in mechanics : the 
rapidity of movement in each case may be such that the 
eye ^ not distinguish between the separate impulses, 
so thiM^ the oscillating may appear as continuous as the 
circular. 
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DiKECT current dynamoa are divided according to the 
number of poles in the field-magnet into two classes, 
known respectivelj aa Mpolar and 'mvlt'ij>6f.ar; the bi- 
polar having only two field-poles, and the multipolar any 
number more than two. A few leading dynamos of each 
cla^ will illustrate the different methods of constmetion ; 
and the bipolar being the simplest, and tlie type employed 
in illustration of the principles of the dynamo, in tlie pre- 
vious cliapter, may appropriately be described first. 

The Excelsior Dvnamo. — 'This d_ynamo, as recently 
improved by its original inventor, "William Ilochhaneeii, 
is shown in Figs. 12 and 13, which represent the largest 
size made, capable of lighting 100 arc lamps, of SOOO 
candle-power each. 

Its armature core is constructed of iron wire, wound 
on a cast-iron frame having a T section which divides it 
into two equal parts, as viewed edgewise. This core is 
mounted on a spider attached to the shaft, the arms of 
which are insulated from the core. Tlie armature is of 
the Gramme, or ring, type, and, in machines of the size 
here shown, is 30 inches in diameter and 8 inches tliick, 
and has 160 pounds of No. 16 insulated copper wire 
wound on its core, in 36 coils as sliown. Tliese coils are 
rectangular, each being 8 inches square, and are sepa- 
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Tated from eacli other by wooden wedges attached to the 
caBt-iron frame, to the outer ends of wliich aro screwed 
blocks of insulating fibre which hold the coik in position. 




^P Fig. 12. 

The field-magnet consists of a vertical cast-iron yoke, 
connecting two horizontal cast-iron cores, on which are 
wound 1300 ponnds of No. 8 insulated copper wire, in 
two coils, connected in series with the armature and ex- 
ternal circuit. Each of these coils is divided into two 
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tions ae sho^-n ; and each front eection is tapped at 
sqnal intervals by 10 wires, making 20 subsectionB in tlie 
two, which are connected by these wires witli a field- 
switch which torms part ot the Byetem of automatic regu- 
lation descnhed hereafter 

The armatnre is Hnpported on intenor bearing not 
shown in the cuts and in parth inclosed bj the caet iron 
»le-pieces attached to the magnet cc res Each of these 
K>le-piece6 u made m two sections, hinged together so 




Fig. 14 

,t they can be opened, as shown in Fig. 13, to aUow 
the armature to be drawn out for repairs, without remov- 
ing the eliaft from its bearings. To tlie outer section of 
each pole-piece is bolted a curved arm ; the upper ana 
supporting the brushes aud part of the regulating appa- 
ratUB, as shown in Fig. 13; these arms being bolted 
together when closed, as ia Fig. 12. 

le commutator consists of the usual copper seg- 
to each of which is attached an arm, at right 

;Ies, as slio^m in Fig. 14 ; and these arms are bolted 
to a marble disk inclosed by a copier li&ndv so tbat the 
e^meats are insulated from eac\i otVeic \i^ aix ffi^wiei4.\j 
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stead of the nsual solid insulating inatetial, and the gap- 
porting arms by the marble. This construction gives 
the commutator the best possible interior ventilation ; the 
segments projecting into the air, without interior sup- 
port, so that it is impossible for it to be injured by 
heating; and also allows any segment to be removed for 
repairs without disturbing the others. 

The automatic regulation of this dynamo is one of its 
moat notable features. It is controlled by a small motor, 
inclosed in the circular box shown at O in Fig. 12, which 
is attached to the upper curved arm. These arms are 
insulated from the pole-pieces by hard-rubber, so that 
only a small number of the magnetic lines of force trav- 
erse them ; barely enough to create a magnetic field of 
sufficient strength for the operation of this little motor, 
without sei-ious i-eduction of the strength of the main 
field ui which the armature of the dynamo revolves. 
This motor is constructed with a little armatui-e, shown 
in Fig. 15, which rotates in this field, and is connected 
with the electric circuit of the dynamo by two little 
bmslies, from which conducting wires extend to a con- 
.jitroUing electromagnet M M, and resistance coils of Gfer- 
man silver wire R' E" R", contained in a case attached 
to the wall; this part of the apparatus being known as 
the wall controller. 

This apparatus regulates the electric current not only 
by moving the niain brushes on the commutator to or 
from the neutral line, but also by increasing or deci'eaeiiig 
the number of sections of the field coils through which 
this current is flowing ; cutting out sections as the brnahee 
are moved from the neutral line, and thus reducing the i' 
electromBgnetic energy of both the field and the arma- 
ture, and reversing tliis operation as the brushes ara i 
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moved toward tlie neutral line, and thus increasing this 
mergy. 

Tike manner in wliicli tliis is aceomplislied will be un- 

lerBtood by an examination of tlie diagram sliown in Fig. 

J15, in which an outline of "the field-magnets with the 20 

ionnecting the coil sections with a sliding field 

riteh is shown on the left below, and tlie commutator 

aid motor regulator on the right ; all connected with the 

Jwall controller above, and with the external circuit. 

It win be noticed tliat the little motor is geared by a 
'■ onrved rack to a yoke or rocker to which are attached 
the main bmshes M B M B, and that the rod F F, which 
operates the field switch S, is connected with tliia rocker 
by a vertical arm; therefore as the main brushes are 
niored/rowi the neutral line, the upper to the left and 
the lower to the right, the field Bwitch S is puUed down, 
cutting out sections of the field coils ; but when the move- 
ment of the brushes is in the opposite direction this action 
is re ve reed. 

Following the course of the current as indicated by 
the arrows, we find that it passes from the npper field- 
magnet coils through the top inside wire, positive ter- 
minal P 4, binding-post 4 in wall controller, coils of 
electromagnet M M, hinged lever armature A, resistance 
coil R', binding-post 1, line and external circuit, to neg- 
ative terminal N 1, npper main brush M B, through the 
armature coils to lower main brush M B, and thence 
by terminal at S' to bottom inside wire and lower field- 



The lever armature A, when perfectly horizontal, as 
shown, rests on two contact points C and C, attached to 
the lever B, and remains in this position so long as the 
current which traverses the magnet M M remaina at ItB 
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normal Btrength ; bnt when the etrengtii of this current 
rises aljove the normal, the magnetism being increaeed, 
the armature is attracted downward in opposition to the 
furce of the spiral eprings eliuwn, and the contact at C 
opeoed while that at C reniaina closed. But if the cnr- 
I rent strength falls below the normal, the magnetic at- 
traction being weakened, the armature and lever B are- 
pulled upward by the springs., above the horizontal posi- 
lioD, and tlie contact at C^ is opened while that at C 
femainB closed. 

Tliese two contact points are connected with tho 
brushes of the little motor below hy two wires which 
paaa upward through the poets 2 and 3, and thence 
downward to the motor brushes through terminals 2 and 
3. These wires are tapped at P' and P' by the resist- 
ance coila R' and K", which connect them with the line 
Slid external circuit. Part of the main current can flow 
Uu^ugh the contact points C or C to the motor, when 
one contact is open and tho other closed ; but when both 
sre closed, the E. M. F,, or electric pressure, being equal 
"I both wires, and opposite in direction, there can be no 
enrreiit, since there is no difference of potential. 

When therefore the main current rises above ita nor- 
Dial strength, tlie armature A being attracted and the 
contact at C opened, part of the current is shunted 
tiirongh C to the motor by post 2 and terminal 2, and 
fentering hy the left hand brush traverses the motor's 
armature and returns from the right hand brush through 
3, 3, P', and resistance coil R", to the line. This causes 
the armature of the motor to rotate in such direction as 
to move the main brushes M B M E from the neutral 
line by means of the rocker, and also cut out sections of 
the field coils by means of the field switch S, moved by 
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the rod F F, tliereby reducing the current to its nomaal 
Btrengtli, But when the main current falls below ite 
normal strength, the contact C being opened, the shimt 
current passes from C, through 3, 3, to the right hand 
brush of the motor, and traversing the motor's armature 
in the opposite direction, reverses its rotation, thereby 
moving the main brushes toward the neutral line, and 
reversing the movement of the field switch, so as to in- 
crease the magnetic energy ; and thus restores the current 
to its normal strength. 

The relative quantities (]f enrrent which traverse the 
shunt and the main circuit are regulated by a proper ad- 
justment of the relative resistances of the coils K', K', 
and R'. And the movements of the armature A are regu- 
lated by a proper adjustment of the relative strength of 
the magnetic attraction of the magnet M M and of the 
spiral springs which oppose it. 

By means of the switch S', the motor may be cut out 
of tlie circuit while adjusting the magnet M M. And 
the switch S' is employed to produce a short circuit 
between the lower and upper halves of the field magnet 
wlien stopping the dynamo. 
I The Brush Dynamo.^ — The distinctive features of the 
1 3rush dynamo relate chiefly to the construction of the 
armature and commutator. The armature core, shown 
at X, Fig. 16, has a central ^ring, 5, B, S^ composed 
of layers of thin sheet iron ribbon, insulated by vul- 
canized fiber. These are separated from each other 
by short iron pieces, one of which is sho^vn at T^; the 
central part of each having the same width as the 
ring, while at each end are projections on opposite 
sides, forming, when placed in the core, the V-shaped 
SgureB shown at X; the arrangement, when the core is 
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bolted togetlier, being sliowii in crues-gection at Z. 
The ends of these pieces are separated slightly in the 
interioi-, and more widely at intervals in the exterior, 
as shown in Fig. 17. The core is bolted to an interior 
rim, shown in Fig. 17, which is attached at four opposite 
points to a spider moiuited ou the shaft. 

This open, laminated structure affords ventilation, 
elimiQat«a the Foucault tiurrents, and gives, in the 




Fig ,16. 



central portion, between the projections, a solid support 
for the coils. The old-style core, which resembles this, 
was of cast-iron, deeply channelled for ventilation, in 
the center and in each projection, but was abandoned 
oil account of the Foucault currents and consequent 
heating, notwithstanding the excelient ventilation. The 
new core gives the dynamo an increase of more than 
foity per cent ui efficiency. 
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The eoilfl are wound with insulated copper wire 1 

tween the projections, as shown in Fig, 17, and sup- , 

ported on the exterior and interior portions of the core 

iiij projecting flanges. The winding is o£ the open , 

^i^rcuit type described on page IS, tlie eoik 





Pig. 17. 



ruiiaQged in pairs on opposite sides of the armature, ; 
[ each pair forming a complete, independent circuit, the 
I two ends of the wire being attached to opposite seg- 
I ments of the commutator ; an eight-coi! armature having 
Lfour circuits and eight commutator segments, as shown 
I in Fig. IS, in which the connections with the commu- 
\ tator are represented, that part of the wire connecting 
[ each pair of coils being omitted. 
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The constTuction of the commiitator and its connec- 
tion with the coils will be understood by comparinj^ 
Fig, 18, showing the connection, with Fig. 19, in which 
it is shown in perspective. It consists of two cylinders, 
as shown, each having an equal number of segments ; 
an eight-part commutator, being composed of two 
fo^l^pa^t cylinders mounted on the same shaft, in such 
a position that the segments on one cylinder are about 
one-eighth of a circumference in advance of those on 
tlie other ; the narrow end of each T-shaped segment 
of one cylinder being placed opposite the broad end of 
each similar segment of the other. In the latest style 
the narrow part of the segment is cut off and replaced 
hy a block of lignum vit£e. which has a copper strip on 
one edge to prevent wear from the brush contacts; so 
that each four-part cylinder has, at each end, two seg- 
ments placed as shown, with narrow blocks between. 
The segments are of copper, separated by air spaces, 
and screwed to segments of brass mounted on two con- 
centric interior cylinders, one of vulcanized fiber, 
immediately under the brass segments, and the other, 
rtieh is attached to the shaft, of lignum vitte. 

It will be seen from Fig. 15, that while the brushes 
A A', are each in contact with a single commutator seg- 
ment, the brushes B, ff, are each in contact with two 
segments ; and by comparing this with Fig. 18, it is seen 
that A, A', are thus connected with coils 3, 3, while B, B", 
are connected with coils 2, 2. and 4, 4 ; coils 1, 1, being 
disconnected. B, B, are therefore connected in parallel 
with two pairs of coils, but not with two adjacent pairs , 
Coils 3, 8. lying between them. Six of the eight coils 
are thus brought into action at once, and this represents 
•he relative positioTis of the various parts constantly 
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during rotation. Coils 8, 3, are in the line of greatest 
Tirifltion of magnetic intensity and consequently of 
best action, and are joined through the externa! circuit 
by the brushes A, A' ; coils 4, 4, approaching this 
position, and coils 2, 2, leaving it are joined in parallel 
bj the brushes B, B" ; while coils 1, 1, being in the line 
of least variation of magnetic intensity, and conse- 
quently of least action, are disconnected. The current 
from the external circuit entering at A and traversing 
coils 3, 3, leaves at A', thence returns through the ex- 
ternal circuit to B, and traverses coils 2, 2, and 4, 4, 
leaviDg by the external circuit at B', and thence returns 
iigam to A, completing the circuit. It is thus seen that 
the positive current is from coils 3, 3, where the electric 
potential is highest, to coils 2, 2, and 4, 4, of lower 
potential, from their position, and of less resistance 
Trom being joined in parallel, and thence negatively 
back to 3, 3. 

H is evident that such an armature may be composed 
of any even number of coils, arranged as described. 
The armature of the largest Biush dynamo has sixteen 
coils. The copper segments of the commutator are 
attJiched with screws, and easily removed for repairs or 
renewal. 

Two styles of the Brush dynamo are now made, one 
forare lighting, series wound as formerly, and the other 
compound wound for incandescent lighting. The anto- 
luatie, rotary movement of the brushes on the commuta- 
lor, already referred to, has been recently adopted, and is 
Used in both machines. The arc-light machine is shown 
in Fig. 20, The field-magnets, which are of the horse- 
ihoe type, are placed on opposite sides of the armature os 
uhown. Those of the arc-light dynamo are wound with 
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large wire, and have also an interior fine wire used aa a 
shnnt in regulating the lamps. The magnets of the 
compound wound dynamo have large wire next the pole- 
pieces, and fine wire next the magnet yokes. It will 
be noticed that the planes of the armature coils are at 
right angles to the plane of rotation, and cut the lines of 
force in a different manner from any of the dynamos 
t}iu8 far described ; and that the core projections, com- 
ing close to the pole-pieces, lead the magnetism through 
the coils. 

The E. M. F. is regulated by a device consisting of 
clutches, gearing, and pulleys, operated Ijy an electro- 
magnetic wall controller, thmugh which a small fraction 
of the current is shunted. The position of the brushes 
on the commutator ia shifted automatically by this device, 
ae the number of arc lamps supplied simultaneously with 
CTirrent varies ; and thus constancy of cun-ent is main- 
tained through each lamp, by varying the E. M. F. in 
the same pftiportiou as the electric resistance of the lamp 
circuit varies, 

TuE TuoMSON-IIotJSToN I>YNAsio. — Tliis dynamo has 
a very peculiar construction. Its armature, shown in 
Fig. 21, ia nearly spherical. The armature core, shown 
in Fig. 22, consists of two cast-iron flanges, G, G, tho one 
on the left shown in elevation, and the one on tlie right 
in eection. These are attael;ed to the shaft, and con- 
nected by twelve cast-iron ribs, D, I), as shown, sup- 
ported by the flanges, but insulated from them. These 
ribs are over-wound with several layers of annealed 
iron wire, coated with shellac, filling the exterior space 
between the flanges, as shown at I. At the ends and 
center of each rib are inserteil projecting wooden plugs, 
shown at J^, J^, I^', thirty-six in all, designed to sustain 
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the coils in pobition The core thus cunstmcted is cov- 
ered with Beveral thicknesses of paper for inaulafcion. 
The three coils, composed of msulated copper wire, form 
open circuit and are cunnected with a copper ring 
at a, Fig 21, and tacli of thtjin starting from this 
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ring at diBtances apart of one liundred and twenty de- 
grees, are wound between the wooden phiga over the 
core m the direction of its a\i8, as shown, in the follow- 
ing order: 1, Fu-at half of hret coil. 2. First half of 
second coil. 3. Whole of tliird coil. 4. Second half 
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Fig. 22. 
of second coil. 5. Second half of first coil. In this 
waj each coil ie placed at the same average distance 
from the core, Wlien the winding is completed, the 
free ends of the three coils, shown at f, are led throngh j 
an opening in the shaft, and attached to the three aeg- 
of the conimutator, and the armatnre is bpnztd] 
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together in tlie tisual iiiaTiiier by bauds of braaa wire 
diown tiXhh, d d. 







V\^. 23. 
The riDg armature, shown in Fig, 23, is now used on 
machinee of tlie larger size. It is constructed with a 
laminated core mounted on two gmi-metal spiders, bolted 
togothcr and supported on opposite ends of the shaft, 
and removable for repaire of the coils. 

There are thirty coils, arranged in six seta of five coils 
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each, a,s shown ; eacli coil being sLaped as eliowu in Fi^. 
24, constructed of insulated copper wire, wound sepa- 
rately on a form before being placed on the core, and 
covered with insulating tape on the lower parts and ends. 
They are separated from each other on the inner part of 
tlie ring by strips of wood, and on tlie outer part by 
wooden blocks placed under the central wire band, and 
the five coils of each set are connected together by their 
terminals ia grooves in these blocks. 

The sets on opposite sides of the ring are cross-con- 
nected at the pulley end "by their terminals, in three 
paire. as shown at B in Fig. 23; set 1 being tlius eon- 
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Fig. 34. 



nected to set 1', set 2 to set 2', and set 3 to set 3'; these 
connections being made on a wooden disk. Three of the 
BIX remaining terminals are connected at tlie commutator 
end, to a copper ring, as shown at A, and the other 
three, alternating mth theun, are brought oiit through a 
tube, as shown in Fig. 23, and connected with the three 
commutator segments; the terminals of setn 1, 2, and 3 
being connected with tlie commutator segments, and 
those of 1', 2', and 3' with the ring. 

Hence the current entering the armature from the 
lamp circuit by the lower pair of bmshes and commata- 
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tor Begment, traversea the coils connected with that seg- 
ment, and returns by the cross-connection and opposite 
set to the ring, where it divides, the two halves going to 
the other two sets of coils connected with the ring, and 
returning through the cross-connections and opposite sets 
to the other two segments of the conmintator, and 
thence through the upper pair of bruslies to the lamp 
circuit. 

At the next half revolution of the armature this order 
is reversed, the current, entering as before by the lower 
pair of brushes, is divided between two commutator seg- 
ments, as shown in Fig. 25, at A and B, instead of being 
united on one, traverses the two sets of coils connected 
with them, and returns to the ring by the cross-connec- 
tions and two opposite sets, where the two currents unite 
and return from the ring by tlie other set of coils and 
cross- connection to the i-emaiiiiug commutator segment, 
as shown at A, and thence through the upper pair of 
bruslies to the lamp circuit, as before. 

The ring armature can be substituted for the old style 
armature in machines of the same size, but many Btill 
prefer the old style. 

Tlie field-magnets, shown in Fig. 26, are constructed 
with twi> tubular cast-ii;on cores, open at tlie outer 
extremities, and terminating in biojid flanges ; while the 
inner extremities tenuiiiiite in spbei'ically concave pole- 
piecea, which nearly inclose the armature, and are 
furnished with brass ilauges, between which and the 
uuter flanges the magnet coils are wound, as shown at 
C and C". These two cores are bolted together by 
bars of soft wrought-iron, 6, 5, connecting the outer 
flanges, forming virtuaUy, when wound, one magnet, 
its poles facing each other in the center where the 




armature revolves. The pole-pieces being inclosed 
wiihiu the magnet coils, and the armature brought into 
iiumediate contiguity with thera, there is an increase of 
magnetic intensity upon the ammture, which is inversely 
pro|>ortional to this reduction of distance, and conse- 
quently much greater than if the pole-pieces projected 
ui the usual manner. The pole-pieces, being spherically 
concave, concentrate the magnetism of the tield upon 
the spherical armature by radiation towards its center. 
The nmgnets of the arc-light machines are series wound 
with Xo. 13 insulated copper wire; th.ise of the incan- 
(le^jcentrlight machines are compound wound, the rina 
wire of the shunt covering the tubular part of each 
core, while the coarse wire is wound in a peculiar 
manner close to the pole-pieces, and separated from 
the fine wire by the projecthig flanges: hence both 
circuits excite the (ield-iuagnets, and, being joined ac 
the brushes, their currents traverse the armature coils. 

There are two pairs of brushes which bear on the 
foramutator in the manner shown in Fig, 'i~ ; these, as 
shown in the perspective view of the dynamo, Fig. 2ti, 
are attached to a yoke, and controlled by a magneto- 
electric regulator placed in the circuit, and mounted on 
^^^le suppoitiug frame of the dynamo, as shown at the 
^^M!^ By the operation nt' this regulator the brushes ol 
^^^ch p»if are dniwii tij^'fiher or sejuirateil. as shown iit 
J'ig. 2", and the current inureascd or diminished as re- 
quired, by increase or decrease of the electromotive force 
prodnccd in this manner. The rotation being in the direc- 
tion of the external arrows, m m' represents the neutral 
line, and tlie internal arrows represent the direction 
^^^^he current; eonsw^ucntly when the Xmi^Veft wysw^-^ 

^ I 
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positions near this line, aa &t P F, and I" F', tbe 
dectromotive force is greater than when they recede 
from it to the positions p, 
/, and /,/. In the first 
position the hrushes of ciii'h 
pair being 60 degrees iipavt. 
Had the length of eiich com- 
niutator segment beiiig a 
little less than 120 degrees, 
tile two brashes of one pair 
always bear on one segment, 
while each brush of the op- 
posite pair bears on a srpii- 
Kite segment; so that two 

coils are nl ways in parallel, and are in series with the third 
"oil, as shown. The electrornotive force, under these 
Mnditiona, must always be greater than when the 
wuslies occupy the second position, the brushes being 
nearer the neutral line, and the time of contact with 
eiifh segment in this best position being thus pro- 
lonsed. Bnt when they recede to the second position, 
'liey are farther removed from the neutral line, the 
time of best action is redufsd, and, six times in each 
rotation, two opposite brushes momentarily touch the 
same segment, and are thus short-circuited. Hence, 
Under these conditions, the electromotive force is reduced 
in proportion to the distance apart to which each pair of 
brushes is separated. When from a reduction of resist- 
ance in the lamp circuit by the extinguishing of a 
lanap, or otherwise, the current feeding the remaining 
lamps becomes liable to an abnormal increase, this 
increase is shunted through a very sensitive electro-; 
magnet, termed the controller magnet, connected with 
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llie regulator magnet of the dyiiamii. already referred to : 
the armature of the regulator is uttnicted, the lever con- 
necting with the brushes is raised, tlie brushes separated. 
and the current reduced. When, from an increase of 
resistance in the lanip circuit, tlie current is dimiuished, 
this operation is reversed ; the brushes drawn closer 
together, and the current increased ; the brushes 
being bo adjusted that one commutator segment is out 
of connection during each revolution. By this method 
constancy of current under varying resistance is main- 
tained, the electromotive force behig made to vary as the 
resistance. This system of, automatic regulation, vari- 
ously modified, is pi-actieally the same as that in use in 
other dynamos already described. 

One striking peculiarity of this dynamo is the air- 
blast spark-cout roller, — a mechanical contrivance by 
which air is blown against the brushes at their points 
of contact with the commutator, by which means spark- 
ing at these points is suppressed. 

It is shown in position in Fig. 26, just hack of the 
commutator, and in detail in Fig. 28, and is constructed 
with a circular iron box, shown at A, which incloses a 
hard-rubber box, having an elliptic shaped interior in 
which a three winged blower rotates. The wings fit 
loosely in slots, and are driven out against the inclosing 
rim by centrifugal force, at the wide parts of the ellipse, 
and pushed in by contact with tliis rim, at the narrow 
parts; so that they are constantly in contact with the 
rim. The air is drawn in through two grated openings, 
on opposite aides at the narrow parts, accumulates in 
the wide parts, and is expelled against the brush con- 
1 tacts through two air jetK which fit the circular holes 
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Bhowu at opposite sides ; one of these jets being sliown 
aepanitely at E. 

The three wings operate together, both as air expellera 
Rod as valves, each wing closing connection witli the 
opening which it has paBsed, while tlie preceding wing 




Pig. H8. 

opens connection with the one which the former wing is 
approaching, as shown; a i>artial vacuum being created 
D7 the expulsion of the air through the jeta, into which 
k- rushes through the grated openings. 

larking at the brushes, due to self-induction in the 
^ a£ the machine, is the result directly of the 
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passage of electricity tLrongli llie air, as tiie brtiBliea 
change from segmeut tu segment of the comiuutatur 
uuring its rotation, and some part of a brcsli is tor an in- 
stant out of eleL-iric connection, all djiianios being more 
or lees suljject to it. Tlie lieat developed at the commu- 
tator by friction and electric action rarefies the air, and 
hence reduces its reeistance, und increases the liability to 
epnrking. Hence, a constant, etroug cnrrent of cool 
Air, stich us is supplied by this air blast, increases tlie 
resistance, and, as the result sliows, renders it too great 
for tbe passage of t!ic spark. The current theory that 
tlie spark may be " blown out," in the same sense aa a 
light is extinguished in ordinary combnstton, is not 
«tHctly accurate. In ordinary conibuBtion the blast re- 
loves the burning gaa and combustion ceases, but, in 
'ihia case, it removes air of low resistance and replaces it 
by air of high resistance, and also keeps the brushes and 
commutator cool, and lience the air surrounding them. 
The arc-light may also Ite extinguished by a blast of air, 
.and is more nearly a jmrallel case. But, in the arc, tiie 
electric current is maintained after the separation of 
tbe carbons by the conductivity of the burning carbon 
vapor, and the blast extinguishes it by removing tuis vajMr 
and thus iucrcasi iig- the electric resistance, so that the 
current cannot traverse the intervening air space; 
whereas, in sparking at the brushes, there is no combus- 
tion or burning vapor, but simply air heated to incandee- 
cence. 

With the air blast, oil can be freely used to rcdnce the 
wear on the brushes without affecting the insulation. 

The lightning arrester, used to protect the dynamo 
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RgHinst damage by lightning, is also an iiuportant adjunct, 
ItiflflhowTiinFig. 29, and is constructed with an olectro- 
HBgnet, through the coils of which the cnrrent between 
the lamp circuit and dynamo passes. The two magnet 
cores project vertically above the coils, as shown; and 
between them are placed, edg-e to edge, two projecting 
wings of braes, their bi-oad bases about one-fourth of an 
inch apart, and their narrow n^il^er parts receding from 
eacli other, as shown. 
Tlie instrnment i'l 
monnted on a wooden 
liBse, screwed to tl 
wall; and the wings n 
out of contact with I 
Di^et cores, each one 
screwed to a braes lug, 
one of which is connect 
ed with a line Icadii ^ 
to the lamp circuit, ai 1 
tie other with a No. J 
copper wire leadiiiji- i ■ > 
tlie earth, as indientiii. 
■Hie line from the dvna- 
mo circulates round the 
magnets, and is also con- 
nected to the upper 

right-hand lug. The lamp circuit line has thus two 
branches from this hig, one through the magnet to the 
dynamo, and the other through the brasa wings to the 
earth ; the latter interrupted by the narrow, quarter- inch 
air space at the base of the wings. This air space ia suf- 
ficient to insulate the left wing from the dynamo cur- 
rent ; but if a discharge of lightning occurs on the line, 
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its great intenBitj causes it to leap the air space, and 
' ,tako tlie sLortest course to the earth; the projectmg 
edges of the wings facilitating the diaeharge, though not 
sharp enough to short-circuit the dynamo current. Part 
of the discharge must go to the dynamo, dividing be- 
tween the two branches m proportion to the relative 
resistance of eacli ; but the distribution of this portion in 
the mass of the machine prevents injurious results. 
The object of the projecting magnetic poles, between 
which the wings are 
placed, i.s to extinguish 
the spark during the 
passage of the discharge 
from wing to wing, by 
establishing a inagnetiG 
current at right angles 
to the line of discliarge. 
Fig. 30 shows the rel- 
ative positions and con* 
iieetioiis of the varioiU 
parts of the syi 
two arresters, or 
brancli of the 
recommended aa shown. 
Various kinds of arresters are used in connection ■ 
different aystenis of electric lighting, in some of wl 
combs with projecting teeth take the place of the winga, 
in others a soft metal connection is melted; while in 
others a mechanical device, Operated electrically, 
connection witli the machine. These arresters are also 
applicable to telegraph and telephone systems, and arc 
applied in a similar manner. 
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The Woi>d Dykamo, — This dynamo ■will be ] 




understood from Figure 31, witlioiit any detailed de-j 
aoription. It is of tUe Wramine type, embracing the. 
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features of ventilation of the armature, and automi 
current regulation, but presenting notliing in its c 




struction wliich has not already been fully deserib 
except the current regulator This is lUnstrated 
Figa. 32 and 33 Fig Z2 w an cud v inv of the dynK 
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BtoTing the apparatus in full ; and Fig. 33 a side view 
of tlie same end, showiog the connection with the 




Pig. 33. 

bruBhes ; the automatic shifting of the bniBhes on 
the commutator to vary the electromotiro force being 
the object to be accomplished. The large friction 
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wheel shown in Fig. 32 has a broad rim with a 
deep groove on its inner surface next the dynamo. 
The end of the armature shaft fits loosely into this ' 
■rronve, as shown by the dotted circle on its light side, ■ 
Ijut is out of contact with the wheel in the norma! 
state of the current. This friction wheel is connected 
at its centre with the short arm of the curved lever 
shown in the cut. Above the lever on the right is 
shown an electro-mag net, connected with the lamp cir- 
cuit, the armature of which is attached to the long arm 
of the lever ; and below it is a spiral spring which acts 
against the magnetic attraction. Two stops at the ex- 
tremity of the long arm liaiit its movement ; and a dash- 
pot, which consists of a piston moving in a cylinder 
against air, or other resistance, steadies the movement, 
and makes it gradual instead of impulsive. A piniop 
on the hub of the friction wheel engages gearing con- 
nected with the yoke to which the brushes are attached, 
as shown in Fig. 33. The magnetic attraction acting 
against the retractile force o£ the spring is just suffi- \ 
cient, in the normal state of the current, to hold the . 
lever in such a position as to keep the friction wheel >' 
out of contact with the revolving armature shaft. An 
abnormal increase of current strength increases the mag- 
netic force, which attracts the armature, and raises the i 
lever, which presses the friction wheel against the revolv- ' 
ing shaft on one side of tlie groove, and by means of the 
gearing causes the bnishes to recede from the nentral 
line. An abnormal decrease of current lessens the mag- 
Q^lc attraction, the lever is drawn down by the spring, 
the friction wheel pressed against the opposite side of , 
the groove, the motion reversed, and' the brmhes made 
to approach the neutral line. 
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The General Electric Company's Moltipolar Dy- 
KAVos. — The General Electric Co. makes twu diSerent 
kinds of multipolar dynaitKis for direct coimectii.>ii with 
tite Bource of puwer, distiiijjiiishcJ chiefly hy tho etruet- 




Fig-M. 



tire of their aniiatHres ; orn; kind having i'/itn-c/icd arma- 
tureo, anil the other kind frnumth-hmlij arniaturcB; the 
field-coils in each being eitlier slmnt wound or compound 



84 reprcnentH thu VmiX hiiv'iui; \\\v. "\T',>\\^^\w.^ ft.wv*ai- 




THE ELEilSNTS OF ELECTRIC tlGlfrDHO. 



lure. Tlli8armllture,8llow^l separately ill Fig. 35, i 
dntni tj-pe. Its core is kuibiated iii tlie H8nat manner, c 
Bcribetl on jmf^ 1 >'•, Init the insnlutiun cuneists Biinply off 
japanning uii tliu iron, instead of paper between tlie diska. 




Fig, 35. 



iThe annaturt! winding consists of lieavy bars of copper 
iml>edded in slots on tlie face of the core ; each bar brang 
connected with one of tlio harfl next it at one end, an^ 
with the other at the opposite end, so as to form a 
continuoiiB coil, wonnd back and forth between the oor( 
teeth and round their alternate, (n\iQCi;\\\. ftwia. TMi 
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coil is insulated with alternate layers of mica and tough 
paper, and its convolutions are connected with the com- 
mntator segments by flexible copper strips in the naual 
manner. The armature is ventilated as nsual, by air 
spaces between groups of the core disks, which connect 
witli interior tubular openings. 

The comniutator is mounted on a spider, which is 
bolted to the interior body of the armature, as shown ; 
and, in the larger sizes, the clamping ring, which holds 
the segments in place, is made in sections, so that all the 
segments can be secured with equal firmness, and any 
section can l>e removed to uiake repairs, without dis- 
turbing tlie others. 

The field-poles, sbc to twelve in number according to 
the size of the machine, are "bolted to a circular yoke 
from wliich they converge toward tlie aniiature, as shown, 
terminating in broad pole-pieces extended on each side 
iif the coils. In the machine Lere represented, they are 
wimpound wound, and the coiIb are divided into two sec- 
tions on each pole, as shown. The series coils are on the 
inner sections, and consist of insulated copper ribbon, as 
shown by the connecting temainak between those sec- 
tions. The shunt coils occupy the outer soetions, and 
aift) cover the series coils on tlie inner sections, and are 
pomposed of wire, as shown. 

The brush-holders are mounted on a spider connected 
with apparatus by which the brushes can all be shifted 
Bimnltaneously on the commutator by turning one of the 
iaad-wlieele shown, and in the larger machines they can 
JflO be lifted simultaneously o£E the commutator by turn- 
ing a similar wheel, not showu in this cut. 

The brushes are of the type known as metal gauze, 
and consist of fine wire woven into gauze, and pressed 
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into the proper shape for bruBhes. Copper gauze ia 
largely need for this purpose, but gauze made of other 
metals is also used, phosphor bronze gauze being pre- 
ferred for the brus]ies of these machines. These bnisbes 
are noted for their softness, tiexibility, and conductivity. 
Fig. 36 represents the machine having the smooth- 
body armature. This armature, shown separately in 
Fig. 37, is of the ring type. Its core, supported on a 
ipider, as sliown, is laiuinated and insidated as iu the 
ironclad armature. Its winding consists of a single, con- 
tinuous coil, constructed of heavy bars of copper, wound 
sjiiraliy round the core, and insulated by mica and paper, 
ventilating spaces being left between the convolutions, 
connecting with similar spacea between the core rings. 

The commutator is an integral part of tlie eoU itself, 
heing eomposed of the vertical bars on eacli side of the 
ring, the onter faces of which, with the insulating mate- 
ri»l between them, are turned perfectly amooth for this 
pnrpose, after the winding is coiupluted. This gives two 
wnumutators, one on eacli side of the vertical face of the 
ring, and when one becomes too much worn for further 
OM), the position of the armature can be reversed, and 
the one on the opposite face used. The wear is so very 
slight however, that this is n<jt required for several years. 
The position of the brushes on this commutator is 
down in Fig. 36, and being all in plain sight, they are 
more easily inspected than those on a horizontal commu- 
tator. The same arrangements are made for sliif ting and 
lifting them simultaneously as iji the other machine, and 
they are constructed of the same material. 

The field-coils of this dynamo are all connected with 
the main circuit in parallel ; the two terminals of each 
!J^iU bei^g attached to two large wires connected with the 
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I two branclies of tlie main circuit ; so that the circuit | 
r flows across from one wire to the other, in each coil sep- 
f arateiy, and not from coil to coil in series. This method 





^b both 



gives much lower E. 11. F. tiuin the series method, aad i 
proportionately increases the volume of the current. 

The pole-pieces, iield-eores, and connecting ^ 
both these dynamos, are made of Boft cast-s 
iu^best magnetic permeability. The smooth-h 




i tares are employed for macliinefi of the largest size, and 
tlie iroDclad armatures for tlie intermediate and sinaUer 
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in the installment of direct-connected machines of 
kind in central stationa where steam power is em- 
ecouomj of space ia efEected by rnuning two 
large dynamos of the same kind by an upriglit steam- 
engine placed between them ; the armatures being 
moimt«d on opposite ends of the engme shaft, and taking 
tlie place o£ the flywheel ; thus also employing for use- 
(nl work the power usually consumed in starting the fly- 
irlieel and maintaining ita momentum. There is also 
an advantage in the perfect uniformity uf action obtained 
iiy ranniug two dynamos of the same size in this way, in 
'lie three-wire system of electric lighting described here- 
after. 

The Siemens-Halskk Dvnamo, Type I. — Fig. 38 
shows the latest improved dynamo of the Siemens and 
Habke Electric Co., the construction of whicli differs 
materially from that of most other dynamos now in use ; 
leading methods of construction common to other dyna- 
mos being reversed. It is a series wound, multipolar 
machine, having four to twelve field -poles; the size 
slown in Fig. 38 having twelve, six north poles alter- 
nating with six south poles, and generating electric 
energy represented by 1000 horse-power. 

These poles instead of being attached to an external 
joke and radiating inward toward the armature in the 
iisnal manner, are attached to a central sleeve mounted 
on the armature shaft, and radiate outward toward the 
armature. Their cores are composed of soft wTought- 
iron, wonnd, as usual, with insulated copper wire, and fur- 
nished with polc-picces, rounded as shown, to prevent 
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magnetic leakage, Tliis constructiou reduces the mag- 
ftedc resistauco of the Jielil-maguet yoke to the minhniini, 
hj famisliing the ehorteiBt possible magnetic circuit be- 
•, tweeu the poles, and thus materially reducing the energy 
rrequired to excite the field miignete. 

I A. ring armature of the Grauuno type iuclosea the field- 
^oagiieti^, iufitoad of being inclosc-d by them iji the usual 
iDamier. It is mounted ou a spider tlio ai-ms of wliicH 
kudiate from a central shaft, and have traiiverse arms 
attached to their outer ends, at right angles, on which 
I armature is supported as elioxni. Ita core is lami- 
i in the usual manner, being composed of segments of 
1 perforatiid with holes for the supporting arms 
5 through, and lapped at the ends; the rings thus 
fbnned being insulated from each other with pajwr, and 
liottnd firmly together with nuta screwed to the ends of 
lUto arms. 

The winding of tliis armature consists of copper bars 
of this shape i i , placed on tlie inner surface of the 
core, the two short spurs projecting outward on each 
.'Mde, and being coimected in series with the commutator 
it>ara which are placed on tlie outer enrface. These spurs 
are attached to ojjposite ends of adjacent connnutator 
ImrB, BO as to form a single, continuous, spiral winding 
all around the armature ring. 

In making these attaelimentj* the ends of the commu- 
tator bare are slotted, and the ends of the spura fitted to 
the Blots, the projecting ends of the spurs being then 
bent down on tlie commutator bare, the joints soldered, 
and the surface of the commutator made smootli in a 
lathe. Any commutator bar requiring to be repaired, 
or replaced by a new one, can be removed by unsolder- 
ing the joints, without disturbing the other bars. 
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Both the sparred bars and the eonmmtator bars' are 
thoroTighlj insulated from eacli other with mica, asbestos, 
and fiber; and ventilating spaces about -^ of an inch 
wide occur between the spurred bars. The entire coil 
ia made of the finest, hard-pressed copper. 

This construction reduces the potential difference be- 
tween the commutator bars to the minimum, and tlius 
prevents sparking at the brushes and consef|ueut injury 
to the commutator hjbnming. It also reduces the elec- 
tric resistance of the armature to the lowest limit by the 
use of a single, massive euD, containing a much greater 
quantity of copper on this largo external armature than 
can be used on an internal annature, A most important 
result of this reduction of resistance is the corresponding 
reduction of the heating effect to the minimum ; and this 
is further facilitated hy the exposure of more than two- 
thirds uf tlie coil's surface to the air, and by the venti- 
lating B^jaces between its internal bars. So that it is 
quite impossible for this armature to become overheated, 
or to bum out, as sometimes happens to armatures closely 
wound with numerous coils and layers of sra^ cotton- 
covered wire. 

As the generation of electric energy is proportional to 
the number of lines of magnetic force in the field cut by 
the armature coils per unit of time, it is evident that high 
of the armature coils is essential to the generation 
of high electric energy. This speed is obtained in arma- 
tures of the usual constnietion, having a limited circum- 
ference, by a high rotary speed of the armature shaft; 
but by the greater circumference of this armiiture, the 
Bame result is accomplished at a proportionally reduced 
speed of the shaft, the velocity of the coil remaining the 
For instance, in an armature liaviug a circqm- 
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ference of 8 feet, and rotating at tlie rate of 1200 revo- 
Intiona a minute, any section of tlie armature coUs would 
pass a fixed point at no greater speed than in an arma- 
tnra liaving a circumference of 3fi feet and rotating at a 
rate of 300 revolutions a minute. Reduction of speed is 
also obtained Iiy the multipolar construction, electric gen- 
eration varying approximately as the number of poles. 

Tiiis comparatively slow speed of rotation permits the 
direct connection of the armature shaft to the shaft of a 
dow-speed sfeam-engine or other motor by wliich the 
rotition of the armature is produced, without the inter- 
vention of a belt, with its cost of maintainance, and the 
slipping which produces unsteadiness in the electric light. 
The magnetic attraction of the interior, fixed field- 
niagnets, acting in opposition to the centrifugal force of 
Ihe exterior, rotating armature, tends to prevent displace- 
ment of the armature's parts, thus giving this construc- 
tion an important advantage over that of an interior, 
rotating armature and exterior, fixed fielil- magnets, in 
ffiiich the magnetic attraction acts in the same direction 
as the centrifugal force. 

It is claimed that the magnetic leakage in a dynamo 
whose armature incloses the iield-poles, as in this case, 
is much less than in one whoae armature is inclosed by 
tJie field-poles in the usual manner, since the magnetic 
lines of force are more closely confined to the field 
tiu-ough which the armature eoils rotate. 

There are twelve sets of bnishes, one set for each field- 
pole. These are mounted on the arms of a spider similar 
to that which supports the armature, and these aiTQs 
radiate from a central sleeve which has a limited rotation 
on the armature shuft. Thia sleeve is connected with 
gearing operated by a lever, as shown on the left in 
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Yig. 38, and the brueli-Wldera are supported in propec 
positiou over the commutator by a light circular joke, 
as shown ; tlie positive brushes being insulated from the 
negative. Hence, by a movement of the lever, all the 
brnsiies can lie moved simultaneously on tlie surface of 
the commutator, to or from the neutral lines, to any 
required distance, til! each set occupies, if necessary, the 
jwaitioii previously occupied by either of the adjacent 
sets. 

The brush -holders are also connected with the hinged 
arms of another spider, which radiate from a sleeve on 
b the shaft, and are so arranged that by the movement of 
l-a lever connected with a rack at its lower end, as shown 
Fat the right of the lever already referred to, all tlie 
\ brushes can be lifted off the eoummtator aimultaneouBly, 
{ by a rotary moveniciit of the brush-holders at a small 
L angle. Carbon brushes are preferred to copper for 
tmachines of high E. M, F. 

The armature shaft extends a short distance beyond ite 
■ outer bearing, and this bearing, with the attached brush- 
Biiolder apparatus, can be slid outward to the end of the 
' shaft, on sliding ways on which it is mounted, allowing 
the armature to be- moved away from the field-magnets, 
and thus exposing every part of the dynamo for exami- 
nation and repairs. 




Tncs far we have confined our attention to tlie direct 
CTiiTent djnamo ; Ijnt in certain departments of electric 
uglitiug, the alternating current dynamo is preferred, 
'lence its description liere is- of importance. Fig. 39 
w a fair illustration of the stylo of construction as 
foiind in several machines tif this class, aiid shows tlie 
•ypieal points of difference between these dynamos and 
those we have lieen considering. Here it will he seen 
tliat both the armature and the field-magnets are com- 
posed of a number of coila, wound on bobhins, and 
attached to the circumference of eircnlar supports. In 
tile cut the supporting ring and also the bobbins are ■ 
"mittud from the anuature, the coils alone heing shown, 
*" as to give a liettcr illustration of the movement of 
"le currents. The planes of the armature coUa are 
Ptfullel witfi those of tlie field-magnets, and the direc- 
h"n of rotation parallel to the planes of the coils, the 
^sea of the coils being parallel to the axis of rotation. 

By reference to Fig. 39 it will be seen that the north 
wd south poles of the field-magnets alternate in posi- 
'Joa, opposite poles facing each other in the usual 
ttianuer. As tiiis causes a ruversal of direction in the 
'ines of magnetic force between ea<;h alternate pair of 
magnets, a corresponding reversal of current is pro- 
duced in each alternate coU, as shown by the position 
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of the arrows; and aa these opposite cmrenta would 
neutralize eacli other, tliis again ia compensated by a 
reversal in tlie winding; the wire, as it leaves the 
bottom and front face of one coil, being led over to 
the top and rear face of the next coil, so that the 
luonientary anuature currents, geuerated as the coils 
simultaneously pass the field-magiiets, all flow in the 
same direction, as shown by tlie arrows between the 




coils, while at the next instant tliia current ia reversed, 
as tlie rotation cliangea the positiou of the armature 
coils. So that, following any one coil as it rotates, 
there occur as mauy reversals as there are pairs of 
field-magncts. 

Instead of tlie commutator these machines have a col- 
lector similarly placed, as shown in Fig. 40, consisting 
of two flat metal rings, mounted on tlie shaft, and ir 
lated from each other. To these are attached the two 
terminnh of the wire composing the coils, as shown 
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and each transient current generated passes into the 
outer circuit through the brush which presses on one 
ring, and is returned through the brush whicli presses 
on the other ring, traversing the outer circuit and arma- 
ture coils in the direction indicated by the arrows at 
one instant, while at the next this direction is reversed, 
as already explained. 



^^P PlR. 40. 

There are two methods of connecting the armature 
coils )Q alternating current dynamos, known respectively 
as the series and tiie parallel. These are illustrated in 
Kig. il, the series method at A, and tlie parallel at B. 
lu the series method it will be seen that the current 
flows from coil to coil by a single wire ; while in the 
parallel method the ends of each coil are joined to two 
separate wires, and the current divided hetween them. 
The series method gives tlie greatest E. M. F., or 
eleclric pressure, and also the greatest internal resist- 
ance ; while in the parallel method the internal resistance 
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ifl reduced, and the volume of current increaG^d in the 
aame ratio. Tliia becomes apparent when we consider 
that since resistance in a conductor ia inversely as the 
area of its cross- section, doubling the number of wires, 
if of the same size, doubles this area, halves the resist- 




Fig. 41, 



dnce, and doubles the volume of current. Hence if, in 
electric lighting, large current and small pressiire are 
rei^uired, the parallel method is preferred ; wliile if high 

, pressure and siriall current are rer|uircd, the series 
method has the preference. In hoth methods the alter- 
nate coils are wound in opposite directions for the 
reiLfion already given, as shown ui Fig. 40. 

The Wood Sinule Phase, Constant Potential 
Altersatoe. — The constnietion of this dynamo, as illus- 
trated by Fig. 42, shows an external, stationary field- 
magnet having a number of poles radiating inward from 
a circular yoke, and inclosing a rotating armature. Its 
field cores are made of lareiinated iron, cast into an irwi 

j-vke, and are wound with two sete of coils insulated froni 
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^^^ eadi otlier ; u tine wire ect traversed by a current from a 
^^^^^rect current exciter dyiioiiio, uliowu on the left, and s 
^^^Ksoai-se wire set tniN'crsed by a current froni the annature, 
^^^L r^ made direct by a 




tator. The cuiU in both 
gets are wound iu tlie eauiu 
(lircctiijii, the coarse wire 
cfilfl over iLo finu wire 
c^jil^. the winding alter- 
nating iu direction on 
alternate poles, so as to 
pritdiice alternate rever- 
sal of jxiiarity The wind- 
ing is done on a, lathe 
Iwf ore tlie coils are placed 
on the corei), and tliv 
proper connections made 
subsequently ; and they 
are held iu place by cleats 
and screws. 

The annature, shown iu 
Fig. 43, is of the cylin- 
der type, and its core is 
composed of Q -shaped, 
sheet-iron rings, uiuunted 
on a bronze spider with- 
out insulating niaterial be 
tween theui, and so placed 
that the open spaces in 
the rings shall be distrib- 
uted all through the core, so as to produce ample veiiti- 
lation, TJio outer edge of each ring is divided into a , 
[ier oi ^-sliajied te<!tli, w\iicU aitt \Aa.?.c4, Sa \\Mi, 



Fig, 43. 
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oppoeite each other, in tLe several pktea, when the core 
k constraoted ; and the cuils aru wouad under the flanges 
of tiiese teeth, and secured in place liy wooden wedges 
driven between them, making the arnianirc in.niclad, tlie 
eoile being completely covered by the iron, except at the 
wide, where they are covered with bronze caps. 

The coils are composed of insulated copper ribbon, 
and sre wound in two sets, tlioiie of eacli set being placed 
on Beparate, alternate teeth and connected together in 
series, and tlie two series connected together in parallel ; 
t]iB winding alternating in direction, as iu the field coils, 
BO as to produce alternate reversal of polarity. 

hi Fig, 42 are shown two coOecting rings on the left 
of tile armature, aud on the left of these, a commutator, 
all insulated from each other. The commutator is divided 
into two flections by counecting together alternate seg- 
mwirti!, all the evenly nuiuliered segments constitntiug 
one Bection, aud all the oddly nnuibered segments the 
"tltereection, as described on pages loy, 110. There is also 
asutiif (ierniiiu silver resistance coils, shown in Fig. 14, 
"'Mill is inclosed in the front pedestal and cni-ored by 
tlie perforated screen s]low^^ in Pig. 43, which ftu'uishce 
it with ample ventilation. These coils are connected 
wIUi the main circuit by a shunt circuit, as shown by 
tlie flexible conductors terminating at the top of the 
wreen, and are traversed by a small part of the mai:i 
curreut. 

The two terminals of the coarse wire field-circuit are 
connected with the two euuimutator bruslies, and the 
tffO tenninalB of the external circuit are connected with 
tlie two collecting ring brushes, as shown in the diagram, 
Fig, 45. One terminal of the annature chcuit is cou- 
neeted with the right collecting ring, and the other ter- 
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miiial witli ono section of the commiitator, the < 
section of the commutator being connected with the left 
collecting ring. 

Hence the course of the current, at a given instant, 
is from the armature to one section of tlie commutator, 
theuco tliTOiigh the liruuli in contiu/t with this sectiun to 
the liekl fiiviiit, \\\wk if. ilividt-s, luid Imvirig tmvereuil 




Fig. 44. 

the coils on opposite sides of the field in two j 
currents of equal volume, and the two having united at 
a point diametrically opposite to that at which they sepa- 
rated, the current returns to the brush in contact with 
the other section of the commutator, and from this eec- 
tion it passes to the left collecting ring, and thence out 
through the external circuit, and back to the right col- 
lectiug ring, and thence ba.tk to the anuature. 



I 
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The direction of tlie current being reversed, the next 
ies out from the armatui-o to the external circuit 
through the right eullectiiig ring and brusli, and liaving 
traversed this circuit in the opposite direction to that of 
the previouB wave, returns to the left collecting ring and 
bmah, and thence to the eection of the commutator con- 
nected with thia ring. The relative positions of the two 
commutator sections having been reversed at tlie same 
instant that the direction of tlie current was reversed, 
the current returning from the external circuit enters the= 
field circuit by the same brush through which it entereA. 

» before from the annature, and therefore traverses th^ 
field circuit in the same direction as before, returning 
to the armature by the other commutator brush and 
■ection. 
Hence it will be seen, that while the current traverses 
'&e external circuit alternately in opposite directions, it 
traverses the field circuit constantly in the name direction ; 
entering it, at one alternation, direct from the armature, 
before traversing the external circuit, and, at the nest 
alternation, after traversing the external circuit ; always 
circulating through the coarse wire field circuit in the 
same direction as that of the exciter current which cir- 
culates through the fine wire field circuit. 

As the volume of current traversing the coarse wire 
field circuit in this manner varies inversely s& the resist- 
ance in the external circuit, and this resistance varies 
inversely as tlie work, it ia evident that the excitation of 
the field by this current, and hence its E, M. F. , or po- 

► tential, is constantly kept proportional to the work done 
in the external circuit, as explained on page 111. The 
exciter current, which traverses the fine wire field cirenit, 
passea throngJi a rheostat, which is simply a set of Ger- 
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man BilTer reeiBtance coils with a regulating switch ; and 
ty varying tlie resistance of this circuit in thia iiistm- 
ment, the volnmes of the current, and therefore the 
potential of the field due to thia current, can be varied 
*8 required. 

TLe Belf-induction of the current, that is, the mutual 
indnotion on each other of adjacent convohitions of the 
wils which it traverses, both in the armature and field 
circuits, generates an abnormal degree of E. M. F. , pro- 
dncmg what is known as the ea;tra current at the instant 
tile circuit is partly interrnpted at the commutator 
IjniBlies, as thej pass from one segment to another. This 
alitiunnal E. li. F, and current would produce a rapid 
Biiceeetiion of bright aparba at the brush eontacb* wliicli 
funid lieat and injure the cumiuutator unless suppressed ; 
lietice it was found necessary to introduce the shunt cir- 
cnit, already referred to. through which auflieient current 
li diverted from tlie field circuit to correct these injurious 
effects, reducing sparkuig at the conunutatnr bruslies to 
tlie ijiinimum. This shunt current is only a small part 
Iff tlie main current, as has been stated, anil can be ad- 
JUHteii to its proper quantity by varying the number of 
resistance coils included in the shunt circuit. 

As the exciter is belted to the armature shaft of the 
alternator by the band-wheel on the left, as sliown, tlie 
relative rate of speed, and therefore of electric genera- 
tion, must be constantly in the same proportion in the 
two machines ; any variation of these in the alternator 
producing proportional variation in the exciter, the two 
being practically constituent parts of the same apparatus. 
The terminals of the external circuit are connected to 
tlie two binding-posts shown at the base of the front 
J^eetal. 
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The Stanley Two-Phase Alter nathk. — The con- 
utructioii of this djiiamo is es&entially difiei'eiit from that 
of any dynamo previously made. It la specially designed 
to supply tlie demand for raaclunes which can generate 
electric current adapted botli to electric lighting and the 
operation of alternating current motors, and belongs to 
tliat class of alternating current generators known as 
im pltaiie, which generate two distinct series of current 
Wftve8, or impulses, each impulse rising to its inaxiuiura 
energy wbile the preceding impultH? falls to its minimum 
energy; thus producing an alternation in the phase of 
tlie current, or mental conception of the impulse as a 
wiive, in addition to tlie alternation in its direction ae 
urdinarily generated; the phase alternation specially 
iiiia|iting it to tliu requirements of the alternating t'urrunt 
motor without interforing with its adajitatioii to electric 
Hgliting. 
(fl By referring to Fig. 4t5, it will he seen tliat the gen- 
!p erating part of the machine is divided into two distinct 
sections, on the right and left of a central space, both 
toiistmcted in exactly tliu eame manner. The external, 
stationary part, in both sections, represents this armature, 
and the mternal, revolving part, represents the tield- 
magnet, preferably called the r/tduetor, in tliia machine. 
The armature ci.>re is composed of sheet-iron laminjB, 
bolted together without insulation between a pair of cast- 
iron standards, in each section ; the bolts extendhig across 
through both sections, as shown in the central space, 
Tlie interior surface of the core, as shown in Tig. 47, is 
divided into a number of poiar projections, by grooves 
in whicli the coils are placed. The coils are compose^, 
ef insulated copper wire, and are wound separateJjr^S^vi^^" 
forms, ill rectangular shape, curved to correspoiMafitli,;,,,,-^ 
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the cnrve of the core, and are covered with insulating 
tape before being placed in tlie grooves, and secured in 
pkce bj brass clamping rings. 

The armature is divided into halves, horizontally in 
die small machines, and vertically in the large ones, as 
diown in Tig. 47, for convenience in setting np and 
making repairs ; and each half contains four sets of coils, 
making eight Bets in all, two in each o£ the four sections 
produced by this subdivision. The coils in each set are 
wound alternately in opposite directions and connected 
together in series, and the sets may be connected together 
either in series or in parallel, as explained hereafter. 

Each coil incloses two core projections, as shown ; one 
Bet being placed over the other set in each of the four 
sections, in such a manner that two opposite sides of 
each coil in the upper set rest on the centers of two adja- 
cent coiis in the nnder set, as shown. The effect of this 
arrangement is to produce the two phases of the current 
already mentioned, each jihaae beginning at one edge of 
each coil, under t!ie influence of the field-magnet, or 
inductor, and reaching its maximum at the center ; bo 
that the phaae in one set of coils has reached its maxi- 
mum, at the instant the phase iji the other set, either 
npper or under, lias reached its minimmn. The four 
upper sets are connected together, either in series or La 
parallel, and likewise the fonr under sets, but the upper 
and mider gets Lave no electric connection whatever with 
each other. 

The field-magnet, or inductor, is shown in Fig. 48. 
It is made in two sections, identical in constniction, and 
corresponding in width and position to the two sections 
of the stationary armature, within which it rotates. Each 
aectiou consist* of a set of polar projections of laminated 
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^^H iron, ^tlioutinsnlatiou between tlielaminee; allthenorfcJ 
^^B poleB of one sut facing all the south poles of the opposite 
^^m Bet ; so that tlie alternation of direction in tlie armatura 
^^M current is not priniuced by alternation of polarity in tlie 
^^1 field-magnet, but by alternation in the direction in wliicli 
^H the arinatnre coils are wonnd. These polar projec- 
^^B tions are mounted on a circular, steel casting, supported 
^^B on t!ie shaft by a steel spider, and liaving Hanged clamp- 
^^B ing rings at the ends an<l center, between which the 
^^V laminae aro bolted. Tli» laminie are held in place by 
^^1 flangeii ])rojeuting from opposite sides of their bases, 
^^1 which fit under \/-shapeil flanges on the steel casting. 
^^P Their upper ends are made slightly convex, and the 
comers roiuided, as shown, to produce smoothness in 
the phase of the current waves generated in the armature 
(loils as they come within the inductive influence of the 

» held -poles. 
There is only one field-coil, and it is wound on a large, 
circular, copper sptml, placed in a fixed position, inclos- 
ing the space between the fieJd-poles, and fitting into the 
space between the armature coils, as shown in Fig. 47. 
The current which circulates through this coil is employed 
to excite the field-magnet, and is supplied by a small, 
direct-current dynamo, or exciter, driven by a email 
pulley, shown on the left liand of the shaft in Fig. 46 ; 
hence this coil is also known, as the exciter coil. The 
spool is made of heavy copper to absorb and eiiminata 
the static chai'ge which accumulates in the coil when 
opening the field circuit and tends to break through the 
insulation of the wire ; and this is accomplished the- more 

I effectually by its inclosing the coil on three sides. 
The whole machine is tlioroughly ventilated, air being 
drawn into the interior of the field-magnet through tha 
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spider, and diseliargcd by centrifugal force against the 
coils thi'ougli central openings, one of which is showa in 
Fig. 48, and passes out between the field-poles. 

As there are no rotating eoila in any part of this 
ffittchiue, eliding contacts constructed with brushes and 
collecting rings, as in other machines, are not required; 
the uoil terminals Ijeiiig brought out and connected with 
tact other and witli the external circuits on an insulating 
tenuinal board, shown attached to the machine in Fig. 
3S, and separately in Fig. id. This board is constructed 
with two heavy slabs of marble, bolted togather; the 
inner slab enpportiug twelve terminals, each of which is 
inclosed in a suparato compartment by ])artitiona on the 
outer board, when the slabs are bolted together. 

It should be carefully uotieed that the two phases of 
the current are produced indejjendently of each other, 
one ph^e by the under sets of annatui-o coils and tlje 
other phase by the upper sets, as much so as if pi-oduced 
bytWO separate machines generating current* alternately 
in phage. The upper sets of coils are connected with a 
flejiarate circuit from the under sets. Each of these cir- 
cnitfl would ordinarily liave two Hues of wire, four wires 
ia all, parallel witli each ()tlier on the same poles; but 
this ia not necessary, as a single large wire may be sub- 
stituted for two of them, thus effecting a saving of about 
15^ in the amount of copper required for line wire; the 
central wire being employed to complete a circuit with 
each of the t>uter wires, and being 41^ larger than either 
in cross-section. A current wave, transmitted from the 
npper coils by one of the outer wires, returns to the 
dynamo by the central wire, and the next wave, trans- 
mitted from the under coils by the other outer wire 
returns also by the central -wire ; the current being 
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^^K reversed, the two following waves, one from the npper 
^^B coils and the otiier from the under coils, pass ont suc- 
^^M oesfiively hy the central wire, each returning by the outeP| 
^^H wire through which it pufsed out at the previous altema- 
^^r tion. 

The lamps are connected with eacli of these circuits 
separately, in the same manner as on circuits from single 
phase dynamos, hut electric motors must be connected 
with both circuits jointly, so that the alternate phaaea of 
the current may traverse the motor in accordance witli 
the special design of this dynamo. 

When the upper sete of armature coils are connected 
together hi seriee, and also the under sets, oa already 

• mentioned, the E. M. F. in eacli circuit is double what 
it is when the connection is made in parallel ; hut the 
volume of current, with the parallel connection, is double 
that with the series connection. These connections are 
made on the terminal board, and are easily changed from 
aeries to parallel, or the reverse, ae may be required; 
any conneeton between the upper and under seta being 
carefully avoided. 

In making repairs, tiie upper half of the armature may 
be lifted, and the field-magnet removed. This can easily 
he done in the small machines, whose armatures are 
divided horizontally for this purpose ; but as the weight 
of the large machines would inake this method inconven- 
ient, their armatui'es are divided vertically, so that the 
two halves can be drawn apart by ecrews, as shown in. 
Fig. 47, sliding on removable tables provided for thto-. 
purpose, and leaving the field-magnet undisturbed. 

The construction of the eelf-oiJing shaft bearings, with 
the loose rings for lifting the oil and distributing it on, 
the bearing, according to the method now in general use, 
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Ffa fuBy iHoBtrated in Fig. 50. T!ie rings fit, loosely in tlie 
I Bkrts shown in t}ie hearing lining, and therefore rest on 
I the shaft when it \a placed within tliis lining, and rotate 
with it, bringing up tlje oil wliieli adheres to them. 



from the well nndemeatli the lining, and diatribnting it 



1 the ahaft. 




ThK "WESTINOnoURE Two-pHASE, rONSTANT PoTKNTIAI. 

Altebxator. — Tliifl dynamo, iJlnstrated by Fig. 51, i^ 
umilar to the AVood in ap|jearanc-e and in tlie construc- 
tion of its fleld-niagnet cores and yoke, supjiorting base, 
■nd relative position of field -magnet and armature, but 
its electric confitruction and coil windings are very dif- 
ferent. 

The yoke is made of cast-iron, in two parts, the upper 
pMt being removable, and the pole cores of »jft eteel. 
laminated, ■without insulation or ventilation Iwtween the 
plat«B, and caet into the yoke. The field-coils are wound 
on rinc bobbins, bolted to the yoke, and are so connected, 
\a aeries, that the current traverses them alternately in 
opposite directions, producing alternate poles of oppi>eite 
pohuity. 
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3 armature is of the cylinder tyjje, aud hae a laini- ^| 


soft steel core, without insulation between tLe ^| 


but with Tentiiating spacfs at proper intervals. ^| 


plate is eoiiatrueted with uiterual, Bup]jortiug arms 
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tternal teeth, as shown in Fig. 52, and is mounted ^| 


ly on the shaft and keyed to it ; so that the entire H 


inchiding tlic arms, is laminated, and has ventilat- ■ 


Mces Itetween the anas, conuected with those be- 


the teeth. 
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The armature coils are made of thin copper bars whiel 
fit edgeways in slots between tlie teeth ; eacli coil consist 
iiig of two bare with end terminale, properly eliaped and 
covered with insulating material before being placed on 
the eore. Those two bars are separated by several inter- 
vening teeth, the sIotB between which are occupied by 
, the bars o£ adjacent code, constructed in the 
' ner. If, for instance, two bars belonging to the sam^ 
coil occupy slots 1 and 4, the two bars of the next adjaii 
cent coil will occupy slots 2 and 5, and those of the next 
coil, slots 3 and 6, and so on ; the number of coils thui 
placed dejiending on the size of the dynamo, several 
bars occupying each slot. An eight pole armature, for 
instance, may have 56 coils tlma placed, the two Iwirs of 
each coU being separated by seven teeth, makii^ «iglit 
sections in the entire winding; the terminals crossing 
each other at opposite ends of the core. 

When the coils are all placed on the core in tliia man- 
ner, the terminals of adjacent coils are soldered together 
in such a way as to produce a single, progressive series 
of coils all wound in the same direction; a terminal of 
coil 1, for instance, being soldered to a terminal of coil 
2, the other terminal of eoil 2, to a terminal of coil 3, 
and so on ; the last terminal of the last coil being sold- 
ered to the firet terminal of the firet coil ; making a 
closed circuit armature, like that of a direct current, 
closed circuit armature. The coils are then secured in 
place by strips of insulatiag fiber driven over them in the 
slots shown in the sides of the teeth in Fig. 53. This 
closed circuit is then tapped at four points, 90 degrees 
apart, by four wires, each of which is connected to a sep- 
arate collecting ring, mounted on tlie front end of the 
ahaft; theae four rings being insulated from each other, 




lad divided into two pairs, each pair connected with 
dte armature coils at diametrically opposite poiuts. 

The current is collected from each pair of rings liy a 
pair of brushes, each pair connected witli a separate, 
external, two-wire circuit ; and each alternate wave, when 
geaenited in tlje coils, traverses them in two circuits, on 
opposite sides of the armature, from one tap to the oppo- 
idte tap, where the two uuite and pass out hv the same 
ring and brush, returning to the opposite tap hy the 
irtlier ring aud hrueth, after traversing the external cir- 
cnit. 

The effect of tapping the armature coils at four ]x>iiit«, 
tt dei«;ril>ed, is to pnxlnee two sepanite current waves, or 
[iliases, derived from the coils at distances 90 degrees 
ipart, which traverse each main circuit alternately in 
i>ppoftite directions; each wave rising to its niaxiuiniu 
liigLt while the preceding wave is falling to its minimum 
liight. The two external circuits may he conrtmcted 
«ith three wires instead of fnur, in the manner descrihed 
iocouneetiou with the Stanley two-phase dynamo, page 
lOS: in which case only three collecting rings are re- 
quired, two of the taps lieiiig eomieeted to a central ring. 

"Hie field-magnet is excited in part by a small, direct 
rumjnt dynamo, and also by a part of the current gener- 
ated hy the armature aud made direct by a comnmtator 
(or this purpose. The latter current is generated by a pair 
of coils Wdund on two opposite arms of the four which 
nipport the armature core, aud the terminals of these 
ooils are extended in grooves ou the shaft to the coni- 
mntstor ehown near its outer end, on tlie right of the 
RoUeeting rings; these coils being entirely separate from 
l^ne which genenitc the main current. Tl\e **i^-QR\\\». 
commutator ura alternately eomwvilei Vo^tt'vXsat 'vsi. 
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two sets, all the evenly mimbered segments in one se^ 
and all the oddly nuinhered segments in another 
Two pairs of bnishes make contact with them at points 
diametrically opposite, and the current waves, alternat- 
ing in direction as the segments in each set alternate in 
relative position, all pass out in the same direction by one 
pair of brushes and return by the opposite pair and are 
led to and from tlie field circuit respectively by flexible, 
conductors connected with it on opposite sides, at the 
base of the front pedestal. The exciter dynamo is con- 
nected with the Held circuit in a similaT manner, and ite, 
current traverses the field-coils in the same direction at 
the other current; the two combined constituting the 
field current. 

The four wires which tap the main coils are wound in 
coils on tiie four arms of the armature, two of theni 
beside the pair of coils described above, and are extended 
thence to the collecting rings. By this construction, -j 
these two seta of coils are so related to each other in.! 
position that the waves of current, traversing each set' 
independently, are attaining tlieir maximum strength ia'| 
one set wliile declining to their minimum strength in the,; 
other set, as in tlie two main circuits. 

These two sets, with the cores on which they are 
wound, constitute an apparatus practically the same aa 
the transformers described at the end of tliia eliapter. I 
When a current traverses either set while there is no cur- : 
rent traversing the other set, the self-induction generated. J 
between adjacent convolutions of the same coils prodacea « 
counter E. M. F., which reduces the volume of the ear- ". 
rent; but when currents traverse both sets simnltan-j 
eonaly, in two phases related to each other in the mamion 
described above, the self-induction in each set is nenti 




Bed h^ tlie inductive influence of thu other set, in pro- 
portion to tlie relative strength of that influence in cacli 
set reepcctivelv, and the volume of current traversing 
Uie circait, or circiiite, connected with each sot is in- 
cnaeed proportionally. Ilence, if t)ie main circuits are 
open and the field circuit closed, the counter E. M. F. 
dne to self-induction will reduce the volume of current in 
the latter circuit to a comparatively small quantity. Gut 
if the main circuits are also closed for tlie performance 
of work, as the supplying of current to electric lamps or 
motors, the counter E. M. F. in tlie iield circuit will be 
reduced iji proportion to tlie volume of current travers- 

I ing the main circuits, and lieuee a current of larger 

f Tolnme will traverse tho field, increasing its E. M. F. 

' and magnetbm in proportion, approximately, to the 
work performed in the main circuits. 

Thic process is reversed as the work decreases, because 
less current flows through the main circuits ; the resist- 
ance in these circuits always varying inversely as the 
namber of lamps or motors taking current in j>anillel, 
and the volume of current varying inversely as the re- 
sistance. Hence the E. M. F., or potential, of the 
dynamo is constantly approximately proportional to the 
work. 

On the left end of the armature shaft is shown a 
bronze wip which covers the six terminals of the wires 
connecting with the collecting rings and commutator. 
Two of the four terminals of the external circuits are 
shown connected with two collecting ring brashes; 
also one terminal of the rectified field circuit is shown 
connected with a commutator brush ; the lower end of 
this wire, when the connection is completed, extends 

^^^MS it' the hmm nf the frut\t (Hsdestal, and i;(im\fet\»>'K\^\ 
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the fleld-coile in tbe little block shown at the right of the 
bolt head, with which also the terminals of the exciter 
circuit are also connected as shown. 

The shaft bearings are made self-oiling by loose rings 
in the usual manner, the quantity of oil in the well being 
indicated by an oil gauge, one of whicii is shown on the 
front pedestal. Tins terniiuals of the main armature 
eoila are couiined hy a band as shown, and the interior 
I coils are protected by tlie bronze ring showii. The 
exciter is usually belted to a pulley on the engine shaft, 
but may be belted to one mounted on the armature shaft, 
outride the main pulley, if desired. 

The Convektee. — A very important feature of the 
alternating current system of electric ligliting, of which 
these machines form a part, is the converter, or trans- 
former, which may he desciribed as an inverted indnctioD 
coil. 

The ordinary induction coil is made with tw( heiice-i 
insulated from each other: an externa! helix of lonj;. 
fine, insulated copper wire, having many tarns, in- 
closes a helix of shorter, coarser wire, having compara- 
tively few tarns, and this incloses a core composed of a 
bundle of iron wires. The interior helix, known as the 
primary, when connected with an electric generator 
magnetizes the core, which, by reciprocal action, in- 
creases the strength of the electric current ; and the 
primary circuit being opened and closed with great 
rapidity by a circuit-breater, a series of alternate cur- 
rents iu opposite directions is ioduced in the secondary 
circuit ; the electromotive force of these induced cur- 
rents as compared with those in the primary being 
increased in the direct ratio of the increased number of 
turns. In such a coil, electromotive force is increased 
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at the expense of current strength, but in tj« converter, 

current strengtli is increased at the expeuee of electromo- 
tive force. This is effected by connecting the liigli resist- 
aoce coil with the generator, and the low resistance coil 
with the lamp circuit, the alternation being produced in 
the dynamo. 




^^f%i the induction coil, the core, being in the center, is 
nparated from the secondary helix by the interposition 
of the primary, and lieneo its magnetizing effect on the 
Beeondary is reduced as the square of the distance 
represented Tiy the thickness of the primary. In the 
WeBtinghonae converter this arrangement is partially 
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i^'ersei]^ tlie two coils being placed aide by side, and 
mcloeed within an iron envelope wbicli fulfills the 
i^isgnetizing fiinetion of the core, both coils being thus 
liroiiglit into close contact with tbe iron. This close- 
E68a of contact is efEected more perfectly by dividing 




the converter into connected sections having compara- 
tively thin coils instead of using a single large converter 
requiring great thickness in the coils. The magnetizing 
envelope is- composed of sbeet-iron jilates, insulated 
from each other, placed at right angles to tbe longer 
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axis of tlie elliptic-shaped ijoile, built up aronnd them, 
and bolted together; the proportion of iron in the 
envelope to that of copper in the eoCs being as 2| to 
1. The loss from electrical conversion in a reduc- 




tion from 1 , 000 volts in the prunary to 5(1 in the s< 
ary is said not to exceed tive per cent. 

Fig. 53 gives a front view of the converter, and Fig. 
54 a view in cross-section ; the fine wire at the right 
showing the primary coils, and the coarse .wire at the 
left the secondary; and ^f f f f the magnetizing 
envelope; the edges of its plates \iemg aliowiL at A. 
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The coils, composed of covered wire, and thoroughly 
insulated from each otlier and from the platee, are lirst 
wound on a forna, and the plates, shaped as in Fig. 55, 
built up around tliem; the ends,f^f^, being first bent 
back as in Fig. 55, and tlien laid flat as in Fig. 54. 
Tiie plates are then bolted together by means of the end 
frames, I/j IT^, Fig. 53, and the apparatus inclosed in 
the iron case shown in Figs, 56 and 57, by which it is 
protected from dampness, injury, and accidental contact 
with electric wires; the eases being arranged for con- 
venient attachment, as shown. 

Fig. 56 is a front exterior view of the case, and Fig. 
57 a sectional end view of its interior; the terminals 
and connections of the cotla being ijicloeed in the com- 
partments I>j J}g, fitted with glass, T T, in front to 
permit inspection; the primary and secondary being 
separated from each other in each compartment by 
insulating plates, as shovra at r*. One terminal of the 
primary coil is shown at /* above, and one of the sec- 
ondary coil at S below, in Fig. 57 ; the positions of the 
other terminals, above and below, being easily under- 
stood from Fig, 54. The terminals are attached to the 
bolts, yy^, mounted on the insulating plates, ^i e^: (j (f, 
being safety fuses, h and I switches, and k and,?'* plugs 
for opening and closing the connections. 

In the more recent construction of transformers, the 
safety fuses are inclosed in a separate box, which is 
placed in a position easily accessible for the renewal of a 
fuse in case one melts, or " Hoios'^ as technically termed, 
but otherwise the construction is substantially as here 
described. 

A transformer may be employed to increase the E. M. 
F. instead of reducijig it as described. This ia accom- 
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plishcd aiiuply by reversing the use of the coile, employ- 
ing the ooarse wire coil as the primary and the fine* wire 
«oiI as the secondary. "When constructed in this way, 
it iB known as a ntep-uj) transformer, to distinguiah it 
fix)m the usual construction, in which it is known as a 
giep-down trauKfurmer. 
= It is sometimes necessary either to increaae or decrease 
the E, Mi F. to a much greater degree than would be 
practicable by the employment of a single transformer. 
This is accomplished by employing several transformers 
connected together in series, the primary coils in one 
series and the secondary in another, as shown in Fig. 58, 
whore twenty are thus connected together, each being a 
section of one large transformer. 

This requires special construction, the difieronce be- 
tween the primary and secondary coils of each section in 
the relative size of the wire and the relative number of 
turns in each coO respectively, being far less than would 
ho possible in a single transformer liaving the same dif- 
ference of potential as exists between the primary and 
secondary coils at the opposite ends of this series; the 
generation of E. M. F. being always in proportion to the 
ninnher of tui'ns in the coil. And the liability of the 
electric current to break through the insulation at any 
point is preportionally reduced in the series by the com- 
pwatively low potential difference in eacli section. 

Transformers of tliis description are employed for long 
distance transmission, where very high E. M. F. is 
required ; the step-up kind being used at the end of the 
Hne where the electricity is generated, and the step-down 
kind at the end where it is deUvered. . 

Transfonners designed for out-door use, mounted on^ 
poies and connected with tile line, as shown on page 119, 
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uire to be inclosed in iron eases to protect them from 
le weatlier. One of tliis kiud made by the General 
Electric Co., is shown complete in Fig. 59, and its 
interior construction in Fig. 60. Its primary coil is 
inclosed within its secondary, whicli brings the secondary 
into close proximity with the greater proportion of the 
externa! iron, and more fully under the inductive IhBu- 
enco of the primary coil than wlien the coils are placed 
side by side. 

The secondary is divided into two separate coils of 
equal size and the same construction, placed side by side 
as shown ; and these may be connected mth the lamp 
circuit either in parallel or in series. When connected 
in parallel, the E. M. F. generated is only half that 
generated in the series connection, since the generation 
of E. M. F. is in proportion to the number of turns 
tlirougli which the electric current circulates in series, as 
already stated, and- not in proportion to tlie volume of 
the current or the size of the wire in cross -section. And 
in the parallel connection, the effect is the same as if the 
wire were doubled in size, and had only half the number 
of coil tiirns as in the series connection ; producing 
double tJie volume of current, but only half the E, JI. F. 

These two diiHei-ent modes of connection are made in a 
very simple manner, on a connection board made of 
insulating material and enclosed within the cap shown 
in Fig. 59. This board is shown at A in Fig. 61, with 
the connections arranged in series, and at B, with 
the connections arranged in parallel. It has six copper 
connection plates A\"ith binding-screws attached, and is 
pierced with holes for the terminals of the coils and of 
the line circuit and lamp circuit. The two term'iualfl of 
thej)rimary coil, shown in Fig. 6f>, are brought up "and 
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attaclied to the jtlatee M and N liy two of the bindin^- 
Bcrewa, and the two terminals of the Ime circuit are 
attached to the same plates hy the two remaiiung bind- 
ing-serew8. The two tenninals of one of the secondary 
coils shown in Fig, 60 are hrought up and eimilariy 
attached to plates C and D, and the two terminals of the 
other secondary coil to plates E and F. One terminal of 
the lamp circuit is attached to plate E and the other to 
plate D. 

In the series connection, shown at A, the secondary 

current, entering from the lamp circuit hy plate E, trav- 

1 CTses the secondary coil connecting E with F, passes 

\ thence through the switch S' to plate C, traverses the 

other secondary coil connecting with D, and retome 

i from D through the lamp circuit to E. 

In the parallel connection, shown at B, the secondary 
eun'ent from the lamp circuit, entering as before by E, 
divides, one half of it traversing the coil connecting E 
with F, and thence passing through the switch S' to D, 
The other half passing through the switch S" to C, trav- 
erses the coil connecting O with D, and there uniting 
with the former half, returns as before through the lamp 
circuit to E. 

In both modes of connectiou, the line current, entering 
by N, traverses the primary coil connecting N with M, 
and returns to the hne cii-cuit from M. The direction 

Iof the current in both circuits and modes of connection 
has been arbitrarily assumed for convenience of descrip- 
tion; hence the current may traverse the same connec- 
tions in reverse order. 
The supply of current to the lamp circuit at different 
degrees of E. M. F. , as above described, is often found I 
convenient, to adapt the current to the requirementa of 
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tbe lamps and lamp eircnitH, a mticb higher degree of 
E. M. F. beisg required in some cases than in uthers. 

The transformers here described belong to the step- 
down class; the usual E. M, F, of the hne current 
supplied by an alternating current dynamo being com- 
paratively quite high, and requiring to be reduced, both 
for safety and adaptation to use, before the introduction 
of the current into a building. 

In the larger traneforniera of tliifl kind, the coils are 
nsually immersed in mineral oil contained in the lower 
part of the case, which is an excellent insulator; and in 
case of the other insulating material being ruptured, by 
lightning or otherwise, the oil at once Hows in and sup- 
plies its place, thus restoring the insulation. 

Joints being always undesirable in conductors carrying 
BUeh powerful currents a« circulate tlirough these large 
'onners, the connection boards are dispensed with, 
:n their number ; the coil terminals being connected 
;ly to the circuits, through tlie fuses and switches, 
It points oonTeniently accessible outside the case. 

The Wbstinouocse IloTiRr Transformeb. — The 
alternating current is capaiile of tranemiBsion to distant 
points much more economically than the direct current, 
while the direct is better adapted to certain lands of 
work than the alternating. Hence, in the distribution of 
current from a central station, it is important to have an 
apparatiie which can make the alternating current direct, 
after transmission, wherever Bueh transformation is re- 
quired. This is done by tlie rotary transformer. 

The construction of this inacliine, as illustrated by 
Fig. 62, is easUy understood. It consists simply of a 
direct current, compound wound, multipolar dynamo, 
whose ai'matm-fl coils are tapped at four points, 1 
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Kpart, by wires connected with tlie four collecting rings 
ehown on the left end of tLe armature eliaft. Tho 
current ie received from a two-pliaae alternator by four 
brashes in contact with these riugti, and after traversing 
the machine and being made direct by the commutator 
shown on the riglit, is transmitted by the commutator 
bmslicis througli tlie external circuit. The rotation of 
the armature is produced by the current, as in tlie elec- 
tric motor ; lience the machine is appropriately called a 
roUiry tran^ormer, since it has the functions of self 
rotation and current transformation. 

It should be stated here, that tlie construction of an 
electric motor is practically the same as that of a dynamo, 
so that a dynamo can be used as a motor, as in this case ; 
the armature of a dynamo being rotated by an extenial 
force in opposition to the magnetism generated by itB 
own current, while the armature of a motor is rotated in 
obedience to the magnetism generated by a current 
derived from an external source, as a dynamo or battery. 
A email, two-phase, alternating current motor, not 
shown, is employed to start the transfonner, and after 
proper speed baa been attained, this motor is stopped by 
opening its circuit, and the transfonner being put in 
ii{)erBtioii by closing the main circuit, tliis rate of speed 
is maintained. 

Relativk Imfortanok of Ai-ternatinh Curkknt Dt- 

NAU08. — The great improvements made in theconatnic- 

tiou of these dyiiamoa within the last ten years has 

bronght them into relatively greater importance than 

formerly, as compared with direct current dynamos, 

I Tbeee improvements have overcome the defects which 

^^^^r restricted their nee, without interfeteTvce ■wS.'Or ^Jsve. 

^^^Kuy advatitHgo, whicli they always Y><i6aeft&ei, *A 'Ov\'4 
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elimination of the costly commutator, with its reaistance,- 
and the conBcquent greater E. M. F. wliich they are 
capable of generating, by "which the electric current can 
be traneinitted to relatively greater distancea by einaller 
wireB, thus effecting greater economy in luie construction. 
The constraction of practical, alternating enrreut mo- 
irs, which were almost unknown ten years ago, baa also 
contributed materially to this result ; so that the alterna- 
ting current can now be employed for the transmission 
of power, as well as for electric lighting, and applied 
without rotary transformation to the operation of ma- 
chinery by these motors ; while the construction of the 
rotary transformer renders its application to direct cur- 
rent motors, after transformation, also 



CHAPTER V. 

Electric Terms ani. Units. 

Before entering upoii an investigation of the pnn- 
oiples which govern the construction of electric lamps. 
His proper to define more folly various technical terms 
in common use in electric science, most of which have 
been frequentlj- uBed in the preceding chapters, accom- 
panied, as introduced, by brief definitions. This is the 
more important since thek full import is not always 
clear, even to many who daily use them. 

Electric Potential. — Potential is a convenient 
term used in various departments of physical science 
to represent the energy which a body may possess to 
accomplish work. A weight has gravity potential when 
it occupies such a position that it can accomplish work 
by its descent, a furnace, heat potential when it can 
accomplish work by its heat. So practically, without 
reference to mere theoretical distinctions, electric po- 
tential is the power which a body possesses to ac- 
complish work by virtue of its electricity. But to 
accomplish work by gravity, heat, electricity, or other 
energy, there must always be a difference of potential, 
since in equality of potential the forces are equally 
balanced : a weight requires difference of level, heat, 
difference of temperature. So electricity can accom- 
plish no work where the opposing electric conditions 
are equal ; and the object of any electric generator, 
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whether it be a battery, liynamo, or static machine, is 
not to create electric energy, — which is a physical impos- 
sibility, since, like gravity, it exists as a universal prop- 
erty of matter, — hut to create a difference of electric 
potential. 

Positive and negative are convenient relative terms 
to express differences of potential. A body is said to 
be positively electrified when by electric accumulation 
its potential rises above that of other bodies to which 
it may be related, either by contiguity of position or 
electric connection ; and negatively when its electric 
potential is below that of the other bodies. 

Electro-motive Force. — Electro-motive force is 
the force or pressure which electric energy is capable 
of exerting by virtue of a difference of electric potential 
m the body in which it is accumulated and some 
other body. The force or pressure is exerted by the 
■energy itself, the body in which it is accumulated or by 
which it is transmitted being merely a passive medium, 
and not, as in the case of steam and some other bodies, 
the active medium by which the energy is applied. 

The term pressure has recently come into use in this 
eonnection, and perhaps expresses more clearly what 
takes place than any other term which can be found. 
It is the enei^y accumulated in steam, heated air. a 
descending weight, or a waterfall, which creates the 
pressure by which work is accomplished ; and similarly, 
by its own peculiar process, electricity creates pressure, 
and accomplishes work. 

The symbol for electro-motive force is E. M . F.. and 
in mathematical formulse E alone is generally used. 

Resistance. — Resistance is that which opposes elec- 
tro-motive force ; it may consist in counter electro-motiva 
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force, in useful work to be accomplished, in the imper- i 

feet conductivity of the conductor, or in an artificial 
obstriictioti placed in the circuit for a given purpose. 
It is important to distinguish carefully between internal I 

resistaDce, which pertains to the generator or any electric 
instrument, and external resistauee, which pertains to the ' 

general circuit. R is the symbol of re.-^istance ; and where 
both kinds are referred to in the same connection, r is used 
U» indicate the interna), and R the external, resistance. 
CuREENT. — Current is that electric condition in a 
conductor which results from electro-motive force modi- 
fied by resistance. It pertains exclusively to what is \ 
understood as electric movement, and is used in the 
tiame sense when applied to this movement in a con- 
ductor, as when applied to the flow of water in a pipe ; | 
ftnd in ttiis sense also are used the terms current inten- 
luty. quantity, volume, strength, aTid resistance : and on 
this principle all the various kinds of electric apparatus 
pertaining to current are constructed, and current esti- 
nates and measurements made. In the present imper- 
fect state of electric knowledge, this is doubtless the ' 
best that can be done; and yet it is doubtful whether 
there is any real resemblance between an electric current 
and a liquid current, or current of vapor or air. The ' 
generator creates K. M. F. at one end of the conductor. 
and a molecular movement is supposed to take place by 
which electric energy is instantly transmitted. Theo- 
retically, this molecular movement is in the form of 
transverse vibrations ; but as a matter of fact, its nature 
is unknown. It seems to be well established, however, 
that there is no trnnsraissinn of any thing in the nature 
of H fluid or other matter, energy alone being trans- 
^^^tcd, using matter as its medium. J 
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^^B Current movement is always from higlier tu luwer ( 
^^M potential, or, which is the uame thing, from poiiitive to 
^^1 negative. Hence, since E. M. F. depends on difference 

^^K iif potential, the strength uf current passing through a 
^^r circuit of no resistance from the positive to the nega- 
tive side of the dynamo depends solely on the amount 
of this difference. But wlieu the circuit includes lamps 
or other resistance, the strength of current depends on 

»the E. M, F. divided by the resistituee, according to 
Ohm's law, the case being analogous to that of water 
flow^ing through a pipe nud-ir pressure and resistance. 
Hence any variation, either of E. M. F. or resistance, 
changes the strength of the current; and where current 

I constancy is reciuired. as in elcciric lighting, it can be 
obtained by varyinji the E. M. F. in the same ratio as the 
resistance; and thia. as we have seen, is done, in most 
cases, by shifting the position of the brushes on the 
commutator, in others by varying the number of arma- 
.tnre or field-magnet coils in circuit. The strength of the 
current can also be varied by varying the resistance 
of a weaker opposing current, as has been shown. 
To the ordinary mechanic or business man, accus- 
tomed to deal with material forces, and unvei'sed in 
philosophic subtleties, the movement of electric energy 
in a conductor is often a profound mystery. He natur- 
ally associates energy and matter so intimately that he 
is unable to discriminate between them, or to conceive 
how energy can traverse a conductor unless it is a ma- 
terial substance of the n£.ture of a fluid. And until 
ntly philosophers found the same difficulty ; heiu-e 
t the terms phlogiston and electric fluid, representing 
liiinaginary material substances, the tiupposcd active 
hpiiuciples of heat aud electricity- 
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But while we tlo not know just how electric energy 
is transmitted, it is not difficult to conceive how it may 
be, since we have analogous instances; and tlie theory 
most generally adopted is that of vibration, which is 
the more probable siuce it is equally applicable to the 
kindred forms of energy, light, and heat. According 
to this theory, the molecules of the conductor are 
thrown into a state of intense vibration, transverse 
vibrations traversing it, and transmitting the energy 
in a manner analogous to that by which mechanical 
energy is transmitted through a series of suspended 
balls, or along the surface of a liquid. 

The symbol of current is O ; and the conductivity of 
a conductor, that is, its current capacity, without refer- 
ence to the material of which it is composed, is 
inversely as its length, and directly as the area of its 
cross-section. 

Electric Induction. — By electric induction is 
meant the influence which a charged conductor exerts 
on another couduetor in its vicinity, ijisulated from it. 
It may be considered under two divisions, — static 
induction and current induction; static induction per- 
taining to accumulators, as Leyden jars and condens- 
ers : and current induction pertaining to the mutual 
influence of currents. 

If an accumulator is charged positively, it produces 
a corresponding negative charge on all bodies in its 
immediate vicinity, electricity equal to that of the pos- 
itive charge being repelled from them : if negatively 
chained, a correspondingly equal positive charge is 
attracted, and accumulated -on them. .In either case 
there is no electric transfer of such a nature as 
reduce the origiual cliarge; tlie accumulator, if po 
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>tively charged, loses no electricity ; and, if negatively 
chiirged, it gains none. This is proved by the fact, 
that, where surrounding objects are subsequently re- 
moved beyond the influence of the charged body, no 
permanent effects remain on them unless special means 
.are used to render such effects permanent. This may 
tbe demonstrated by placing a gold leaf electroscope in 
the vicinity of the charged body, when the leaves will 
indicate the charge by their divergence ; but on being 
removed, they converge again. To make this effect 
permanent, let the plate of the electroscope, while under 
the influence of the charge, be touched by a conductor 
connected with the earth ; a transfer of electricity will 
now take place, either to or from the earth, according 
as the charge is positive or negative, establishing equi- 
librium between the electroscope and charged body, as 
indicated by the convergence of the leaves, thus proving 
the fact of attraction or repulsion of electricity, as 
stated above; then, on the removal of the electroscope 
from the iniluence of the charged body, difference of 
potential asserts itself, and the leaves diverge. Now, 
since the electroscope is simply one of the surrounding 
bodies under inductive influence, so constructed as to 
indicate it, we must infer that all other bodies similarly 
placed are similarly influenced. 

Induction can take place only through an insulating 
medium, — as air, glass, or an insulating envelope, — 
which is termed the dielectric. Its nature is not fully 
understood ; but since there is no actual transfer of elec- 
tricity, and since energy can act only through matter 
as its medium, it is evident that the dielectric, in some 
unknown manner, becomes the medium of this subtile 
influence. The definition, "direct action at a dis- 
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taiice," formerly used by some leading electricians, is 
too TagiiB) and has been abandoned since the natnre of 
electric action has come to be better understood. 

Current induction is of the same nature as static, 
modified by the properties peculiar to currents. That 
which we call a continuous ciirrentis in reality a succes- 
sion of impulses or infinitesimal currents, as has been 
already explained; and the conductor throughout its 
entire length, whether it be tin Atlantic cable or a foot 
of wire, has practically, at each successive instant, a 
static charge modified by the difference of potential 
between its extremities, by virtue of which the trans- 
fer of energy takes place ; ennsequeutly this charged 
conductor, like other charged conductors, exerts induc- 
tive influence on adjacent conductors. 

When a current flows through a conductor, it is 
found that the effect of induction is to produce an 
opposite current in any adjacent parallel conductor. 
The nature of this action may be represented by the 
following diagram : 

(a)+10 + + + + + ++ + + l 
(6)- 2 i 

Let a represent a conductor in which a current is 
flowing from left to right by virtue of the difference of 
potential represented by -^10 at the left and +1 at 
the right; and let b represent an adjacent parallel con- 
ductor. Since inductive influence radiates from the 
charged body equally in all directions, only a small 
fraction of the lines of electric force radiating from <; 
iire intercepted by b; but, for convenience, we may 
represent this fraction by — J at the right, and — 2 at 
the left. Now, since, as has been shown,, the positive 
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produces by induction an equal corresponding negative, 
and vice versa, the positive potential in a, represented by 
+ 10, produces, under the conditions named, a negative 
potential in b, represented at the adjacent point at the 
left by — 2, while at the right + 1 in a produces — \ 
in b ; and since electric movement is always from higher 
to lower potential, the current in h must flow from right 
to left, opposite to that in a. 

Hence, when currents in two or more adjacent paral- 
lel conductors flow in the same direction, the effect of 
their mutual induction is to produce in each a counter- 
current, which reduces the volume of the primary cur- 
rent i the effective current by which useful work is 
accomplished being then represented by the difference 
between the two. As in the illustration, if the primary 
current were represented by 10, and the induced op- 
posing current by 2, the effective current would be 

[ represented by 8, 

I But if the primary currents flow in opposite direc- 
tions, the effect of induction is reversed, and the volume 
of effective current in each conductor increased, aa can 
easily be seen by the following diagram : 

(c)-f-10 + + -|- + + + + + +l 

((0+ i-f + -l- + + + + + + io 

in which the current in c flows from left to right, 
in A from right to left. The positive potential 10, at 
the left of c, induces at the same end of d a much 
stronger negative than the potential 1, of d, can induce 
in e: consequently the difference of potential between 
the opposite extremities of d must be greater than if c 
were removed, and hence its E. M. F. and resulting vol- 
ume of current must be greater. And the same effect 
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In c roust follow from the difference of potential at the 
right between the 10 of d and the 1 of c. 

The effect of induction in increasing current strength 
at the expense of E. M, F., or E. M. F. at the expense of 
current strength, liaa already been sufficiently explained 
in connection with the snbject of converters, treated of 
in Chapter III., so that further reference to it is un- 
necessary. 

Maqsetio Induction. — Magnetic induction, while 
strongly resembling electric induction, mnst be carefully 
distinguished from it: their effects are reciprocal, not 
identical. Practically, magnetic induction is found only 
in connection with iron and steel, though some other 
metals are slightly magnetic; and, as we have seen, the 
construction and operation of the dynamo is dependent 
on the reciprociil action of magnetic and electric induc- 
tion, the electric current being generated by the mag- 
netic induction of the iron cores of tlie field-magnets 
and armature, and reciprocally, magnetism being gene- 
rated by the electric induction of the current in the 
coils. The directions of the magnetic and electric cur- 
rents produced by this reciprocal induction are always 
at right angles to each other ; the magnet and the coil 
or line conveying the electric current, if free to move, 
always assuming this relative position with respect to 
each other. 

The induced current, as has been repeatedly stated, 
is a momentary transient impulse which occurs at the 
instant an electric circuit is either opened or closed ; 
its direction on the opening of the circuit being the 
reverse of that on the closing: and the continuous cur- 
rent of the dynamo, whether constant or alternating, is 
composed of a series of these impulses, induced, not by 
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the opening or closing of the circuit, hut by a reversal 
of the position of the colla of the armature by their 
rotation, and consequently of the relative direction of 
magnetic induction. 

In the case of induction coils, the primary circuit is 
iipeued and closed successively, with great rapidity, by 
ii circuit-breaker, and the series of impulses constituting 
the current, in the s;;oond;Lry circuit induced thereby. \ 
Jt is found thiit Llie current imluced by the opening of 
ii circuit is id.T more powerful than that induced by the 
cloeing. This is due to the transient current termed 
tfs^m, resulting from self-induction between the adjacent 
windings of the coil; which is inverse on closing the 
circuit, neutralizing the original current to the extent of 
its strength, but direct on ojrening, adding its strength to 
that of the original current. The greater strength of the 
latter current, in the primary eoil, is shown by the spark 
which appears at the break, on opening the circuit, 
bnt is never seen on closing it. In the case of acci- 
dents requiring the sudden stoppage of the dynamo, it 
ia of the highest importance that the greater enei^y of 
this current should he guiirded against by suitable con- 
atrnction, such as a short-circuiting switch or other 
similar device. 

In concluding these remarks on the nature and gen- 
eral principles of induction, which have been thus 
briefly indicated, it should be stated that when we 
consider that induction permeates every portion of 
every electric instrument, its force radiating from 
tsvery charged conductor, the great importance of a 
thorough comprehension of its principles and their 
application becomes evident. It must he recognized, 
not as an obstacle to be overcome, — though it often 
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stands in the way of desirable ends in construction, — 
but as an important factor in the accomplishment of 
electric work, without which the conatruction and 
operation of the existing forms of electric apparatus 
would he an impossihility ; and it ia coming to be 
understood that it is better always to recognize it as 
■A friend than as a foe. 

CoKDUCTlviTY AND INSULATION. — Conductivity ia 
that quality of a body whicli facilitates electric trans- 
mission : insulation is its opposite, and obstructs electric 
transmission. The distinction between the two when 
applied to bodies is one of degree, the one being the 
reciprocal of the other. There is no well-defined bound- 
ary sliowiug where conductivity ceases, and insulation 
b^ns: every conductor is an insulator so fnr as it 
tends to resist electric transmission, and every insulator 
is a conductor so far as it tends to fecilitate such trans- 
mission. Where conductivity is found to predominate, 
as in the metals, the term conductor is applied ; and 
where insulation predominates, as in glass and vulcanite, 
the term iDsulator is applied. The terms high and low 
are applied to conductors to designate different degrees 
of conductivity, or, conversely, different degrees of 
resistance ; and to insulators to designate different 
degrees of insulation. Silver and copper, for instance, 
are metals of the highest conductivity, and conversely 
of the lowest resistance: bismuth and german-silver 
have high resistance, and conseijueutly low condni;- 
tivity. Glass aud vulcanite have high insuiatioji, ai;;i 
correspondingly low conductivity, — so low that tlic 
term conductor is never applied to them ; nor is the 
terra insulator ever applied to silver or copper. Hence 
a conductor is any substance of such low resistance that 
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^^K it can be used practically for tlie traTistiiission of 
^H tricity, and a non-conduetor or insulator is any Kubstunce 
^^^ of snch high resistance that it can be used practically to 
^^H prevent such transinissioD. 

^^V Difference of molecular constitution is the most 
^^f reasonable explanation that can be given of thest 
different phenomena; bnt just how such difference pro- 
duces these varied results, is unknown. But we may 
I reasonably attribute them to difference in molecular 

i arrangement. If we compare the inoleculea to an 
infinite number of infinitesimal tubes, and electricity 
to a fluid passing through them, it is evident that were 
these tubes placed end to end, in series, the flow would 
be facilitated ; but if disposed traversely, or in a hetero- 
geneous manner, the flow would be obstructed. Simi- 
larly we may suppose the relative arrangement of the 
miilecules in one substance to be such as to facilitate, 
.and in another to obstruct, electric transmission. If, as 
■seems highly probable, electricity is a mode of molecu- 
lar motion by which energy manifests itself, the above 
explanation seems entirely reasonable ; difference of 
armngemeiit or difference of shape in the molecules, or 
both combined, producing differences in the mode of | 
interaction. 

QuASTiTY AND INTENSITY. — The comparatively , 
imperfect state of electric knowledge has led to a 

* misuse of the terms quantity, intensity, and strength ' 
as applied to current, each writer using them according 
to his own mental conception of the facts, or carelessly I 
following the general custom. Whatever current may 
be, its quantity, as observation proves, must be re- 
garded in the same light as that of any physical quan- 
^^L tity ; so that whether we consider it as energy flowing 

m. , \ i 



through the conductor as ita passive medium, or aa 
producing molecular motion in the conductor itself, 
as already explained, it has a certain volume in the 
same sense as a fluid — water or gas — flowing through 
a pipe; and this volume, as in the case of fluids, is 
dependent on the resistance encountered and the press- 
ure urging it forward, known as E. M. F. "With a 
conductivity and E. M. F., any increase of cross- 
section by the substitution of a larger conductor, or a 
greater number of conductors, produces an increase in 
Hie quantity or volume of the current, and a corre- 
iding decrease of intensity at each point in cross- 
. ion, by distributing the original intensity over a 
larger area; and a reversal of these conditions produces 
the opposite effect. Conversely with a given conduc- 
tivity and cross-section in the conductor, any variation 
in the E. M. F. produces a corresponding variation of 
intensity. 

Electric intensity has been regarded as analogous to 
momentum ; but since momentum is the product of 
mass and velocity, and since mass is not a factor in 
electric intensity, the analogy fails. But if v/e legard 
elfectric intensity as the result of molecular movement 
in the conductor, produced hy E. M. F., we shall 
probably come nearer the exact truth. 

It has also been assumed that the constancy of an 
electric current is maintained by an increase of velocity 
in the inverse ratio of the reduction of cross-section in 
tbe conductor, in a manner analogous to that in which 
constancy of quantity is maintained in a fluid current 
by an increase of velocity in the inverse ratio of reduc- 
tion in size of pipe, the same quantity passing through 
the smaller pipe in tlie same time as through the larger, 
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by an increase of velocity ; but since the velocity of an 
electric current has never been estimated except by 
the remotest approximation, the analogy fails, as in the 
former instance. But if we regard varied quantity and 
intensity of molecular vibration, produced by a variation 
in the amplitude or the length of the waves, by which 
eiectric energy is suppo&ed to be tranBmitted, as the 
true explanation, our conceptions of these phenomena 
become much clearer. 

Electric Units. — In order to render possible the 
calculations required in the various departments of 
electric work, and especially in electric engineering. 
It becomes necessary to have certain units of ineasure- 
nient especially adapted to the peculiar electric condi- 
tions found in electro-motive force, i-esiatance, and 
current. It is also necessary that these units should 
be established by some authoritative source, universally 
recognized and acknowledged. The International Elec- 
tric Congress, composed of leading electricians of vari- 
ous nationalities, which met at Paris in 1881 and 1884, 
Was such a body ; and the electric units it adopted after 
careful deliberation have been accepted as autliorita- 
tive. Most of these units were previously in use ; and 
the woik nf the (_longresB consisted chiefly iu giving 
them definite value, referable to fixed standurds, and 
eliminating various errors. 

The work accomplished by electric energy furnishes 
the means for absolute measurement, and the C. G. S- 
mechanioal unit is taken as the basis for the electric 
unit- The initial letters, C. G. S., are the symbols of 
the three factors, space, mass, and tirni?; C. standi 
for centimeter, G. for gramme, and S- for second, 
this C. G. S. unit represents tlie work accoiif 
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plished by the movement of a mass equal to one 
gramme through a space equal to one centimeter in 
1, known as the erg. 
The term " legal " is applied to the units adopted by 
te Paris congreBs to show that they are properly 
authorized, and to distinguish them from similar units 
Previously in use. Hence, the following are the practi- 
■^^1 legal electric units based on the C. G. S. system : — 
The Volt. — The unit of electro-motive force is the 
^Olt, named after Volta, the original inventor of the pri- 
"^ary battery. The E. M, F. of a battery cell nearly 
^Cjiial to that of the Daniell, was originally adopted as the 
**taiidard unit; but, as the E. M. F. of a cell represents 
*». vsriable quantity, a definite value was given this unit 
Vv the adoption of 100,000,000 C. G. S.'uiiits as the 
^standard, which consequently represent the amount of 
electric energy, which, if converted without loss, would 
*qnal this amount of mechanical force; but, as large 
numbers are inconvenient to write, the equivalent ex- 
pression. 10^, has been adopted, and the same method of 
iiotaUon followed in regard to the other units. Hence. 
the legal volt equals 10^ C. G. S. units. In approximate 
calculations, where strict accuracy is not required, the 
E, M. F. of the oi-dinary Daniell cell'-ls still. taken to 
represent the volt, its energy being about 1.05 volts. 

The Ohm. — The unit of resistance is the ohm, 
named after Olnn, who discovered and formulated the 
law of electric resistance. The resistance of a given 
number of feet of wire — copper, iron, or german-silver 
—of a given gauge was the original standard ; but the 
pKrh congress, acting upon tlie suggestion of Sir 
William Siemens, adopted as tlie standard a column of 
pure mercury, 106 ceutimetera in length, and 1 square 
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millimeter in cross-section, at the temperature of 
Its resistance is represented, to within a small fraction, 
by 10* C. G. S. units; the actual resistance represented 
by this expression being equal to that of a column of 
mercury, of the same section aud temperature. 106.21 
centimeters in length; but, to avoid the fraction, the 
standard was fixed as above. The legal ohm, then, 
equals 10^ C. G. S. units of resistance. J 

The Ampere. — The unit of current strength or j 
volume, as has been explained, is the ampere, named ii 
after Ampere, who discovered and formulated the laws 
of electric currents. It is derived from the two pre — i 
ceding units in accordauce with Ohm's law; currents, 
being equal to E. M. F. divided by resistance 

hence since — - ^:::: 10 =^ — , the legal ampere 

equals 10 ~' C. G. S. units of current strength. The I 

element of time is not included in this unit. It refers l| 

exclusively to the stren^ of the cnrient, as represented I 

by its cross-section. j 

The Ampere- Hour.— The ampere-hour is a unit 

derived from the last, in which the element of time is ^ 

.neluded. It represents a current of one ampere fluw- j 

.ng through a conductor for one hour, or its equivalent , | 
.n a greater or less cuireiit for a greater or less time, 

as two amperes for half an hour, or half an ampere for | 

two hours. It is of recent origin, but is sanctioned | 

by general use, and is often convenient in electric , 

calculations. i 

The Coulomb. — The unit of current quantity, con- 
sidered with reference to time, is the coulomb, named 

after Coulomb, to whom is due the first attempt at , 
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Accuracy in elactrio science. It ia derived from the 
^■inpere, and represents the quantity of electricity which 
now3 ill a current of one ampere in one second. 
Hence, any variation, either in the time or etreugth 
"1 ciirrent, produces a corresponding variation in the 
quantity represented in coulombs ; a ten-ampere cur- 
™ft flowing for one second, or a one-ampere current 
flowing for ten seconds, represents ten coulombs; and, 
*nce there are 3,600 seconds in an hour, 3,600 coulombs 
^lUal one ampere-hour. The coidomb equals 10""- 
^' G. S. units of current quantity. 

The Farad. — The electric unit of capacity is the 
'atad, named after Faraday. It represents the storage 
'*» one coulomb of electricity in a condenser ; and, wiien 
*l>eh stores raises the potential to one volt, the con- 
^^nser is said to be of one farad capacity. The farad 
^<5uals 10"-* C. G. S. units of capacity. 

The Microfakad. — The farad being inconveniently 
large for practical use in the construction of condensers, 
the microfarad, representing one-millionth of a farad, 
*"ias been adopted in its stead. Hence the microfarad 
equals 10 ~'^ C. G. S. units of capacity. 

The Watt. — The unit of electric power is the watt, 
named after Watt the inventor of the steam-engine. It 
is derived from electro-motive force and current com- 
bined, neither of which, taken alone, is an exact repre- 
sentative of electric power, since current is derived 
from resistance and E. M. F., either of which may vary, 
producing a variation of current ; or one may vary 
directly as the other, producing a constancy of cur- 
rent ; hence, to obtain an accurate expression for elec- 
tric power, 01" rate of work, the E. M. F. is multiplied 
into the current, — that is, the volt into the ampere. A 
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watt then equals oue volt multiplied into one ampen-, 
which equals 10" C. G. S. uuits of power (10" X 10^' = 
10'^). The term volt-ampere is synonymous with wall. 

The Electric House-Power. — The electric horpt- 
power, which is the equivalent of the mechanieal horse- 
power, is represented by 746 watts, equal to 746 X 10^ 
= 7,460,000,000 C. G. S. units of power. 

The Jople. — The electric unit of heat is the joule, 
named after Joule who discovered and formulated the 
law by which tlie electric current develops heat. Jt 
represents the heat developed in a conductor by one 
watt in one second ; which equals the square of tbe car- 
rent's strength multiplied by the resistance and time, 
represented by iZ = C^Rt \ H representing heat and t 
time; which, reduced to tbie C. G. S. units represented 
by (1 amp.)' X 1 ohm X 1 eee., gives H = {-^f X 10" X 1 
= 10,000,000. 

Joule found that the heat required to raise the tem- 
perature of 1 gramme of water 1° C. is equivalent in 
work to 42,000,000 C. G. S. unite, which is known as 
JouWs equivalent. 

As the ratio of the joule to this is ISiS = 0.238, this 
fraction represents the relative amount of heat which As 
joule can develop. Hence the formula, C'Rt, must he 
multiplied by 0.2.^8 to reduce the C. G. S. units of work 
represented by the joule to heat units, as represented by 
Joule's equivalent, which gives il = O'Rt X 0.338. 

The Henry. — The unit of inductance (or self-indnc- 
tion) is the henry, named after Henry, the first observer 
of this principle. It represents the induction in an elec- 
tric circuit, when the induced E. M. F. is 1 volt, and 
the inducing current varies at the rate of 1 ampere per 
second. Its value is 10*^ 0. G. S. units. 



CHAPTER VI. 
Electric Measurement. 

iNSTRCMENTa for clectrLc measurement are con- 
structed either on the principle of electric attraction 
and repulsion, on the relations between electricity and 
magnetism and between resiBtance and E. M. F., on the 
heat developed bj the electric current, or on the amount of 
metal deposited or gae generated by electrolysis. Those 
conetruated on the principle discovered by Oersted, that 
the magnetic needle tends to aBsurae a position at right 
angles to the direction of the electric current, are known 
as galvanometers, and are cliiefly used to measure bat- 
tery currents; while those conatnicted on the principles 
of electrolysis are known as voltameters, and are used 
to measure the electro-motive force of batteries. But 
the powerful currents and great E. M. F. developed by 
the dynamo, has led to the invention of instruments 
of special construction, known chiefly as voltmeters and 
ammeters ; voltmeters designating those which measure 
electro-motive force, the results being given in volts ; 
and ammeters those which measure current strength, 
the results being given in amperes. Ammeters are also 
called current meters and ampere meters. There are 
also instruments of special construction designated as 
electro<lynamometers, coulomb-meters and ohm-meters. 

It is evident, that since current is derived from E. 
M. F. and resistance, if two of these three quantities 
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^^K «re known, the tliirtl can easily be found by one of the 
^^ft following formulae, 

^m He 
^B be 

W 1 



(c = ?),(E=CR,,(R=f), 



I 
I 



Hence C and E being ascertained by tneasnrement, E can i 

be ascertained by calculation. 

There are also instruments known as potential 
indicators, which do not measure E, M. F., but are 
arranged to indicate deviations above or below a certain ' 
normal E, M. F., and are placed permanently in the ' 
circuit, like the steam-gauge on the boiler, as a guide to 
the engineer or attendant ; while measuring instruments 
are used chiefly in making testa. 

The Potential Indicator. — Fig. 63 shows a 
potential indicator used by the United States Electric 
Lighting Company. It is constructed on the principle 
of the electric motor, or reversed dynamo, current pro- 
ducing motion, instead of motion producing current. 
Two horse-shoe magJiets with consequent poles, placed 
horizontally, as shown, form the magnetic field in 
which ia placed the armature, shown at the center; 
the armature core is a cylinder of soft iron, lami- 
nated, placed vertically in a fixed position. A helix 
of fine copper wire, wound on a copper ring and placed 
vert,ieally also, surrounds the core, but is insulated from 
it, an air space intervening between them. This helix 
is suspended by a fine phosphor-bronze wire attached 
below to the base of the instrument, and above to » 
screw with a milled head, connected to a short arm 
projecting from a vertical support. A long pointer pro- 
jects towards the front, and is bent downwards at right 
angles over a circular Ecale, which indicates, to the riwht, 
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five volts above, and to the left, five volte below, a. certaia 
Donnal E, M, F. indicated by zero ; each of the numbers. 

10, 20, 30, 40, 50. indicating about a volt, and each volt 
space being siibdivii!' >' i'.' ■ '■ : "'■-. .is shown. The in- 




Btrtrnient is iIll.■k)^ed in ii glass case, and supported on 
leveling screws. It has a very high resistance, and is 
connected directly between the positive and negative 
leads itt the point where the olectiVt i^\e4?i\iie A^^.i^i^^^A 
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^^H kept couatant. The resistance being very high, only a 
^^m very small fraction of t)ie current will pass through it. 
^^H The armature helix is connected in series with the iield- 
^^B magnet coils, ats in the series dynamo ; and the cur- 
^^r I'ent causes it to rotate round its core so as to move 
tiie pointer over the scale from left to right in op- 
position to the torsion of the wire by which it is 
suspended, current producing motion as stated above. The 
torsion is so adjusted that the required E. M, F, brings 
t!ie pointer to zero ; hence its niovenieut to the right of 
zero shows that the E. M. F. is too high, or, to the left, 
that it is too low. By an increase or decrease of torsion, 
the normal E. M. F. ean be varied within certain limits. 
Voltmeters anu Aumeteke. — The difference between 
these two instruments eonsiste chiefly in the respectipe 
resistance of each, and its relative position in use; the 
voltmeter having high reaiatanee and being placed in a 
derived circuit between the points whose difference of 
potential is to be measured, while the ammeter hae low 
resistance and is placed directly in the main circuit at ' 
any point where current strength is to he measured. 

The "Weston Voltmetee.— This instrument, shown by 
Fig. 64, incloses within itB case a powerfnl steel horse- 
shoe magnet, the poles of which project into the narrow 
space in front and are attached to two soft-iron pole- 
pieces, as shown in Fig. fiS. These inclose a circular 
space, within which ia mounted a soft-iron armature 
core, maintained in a fixed central position by attach- 
ment to a brass yoke which connects the pole-pieces; 
part of this yoke, with its right-hand connection and a 
central projection for attachment of the core, being 
shown. 

Alight copper franip, § of an inch wide, and wound 
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witli 8 coil of fine, insulated, copper wire, Burroiinde tbe 
core, and has a limited rotary motion, on jewelled liear- 
in^s, in tlie narrow epaec between the core and pole- 
pieces, which is just wide enough to allow rotation with- 
ont contact. 

The teruiiuitls of tbe coil are connected above and 
below with two fiat springs, oppositely coiled, and ao 
artaclied to the copper frame and adjoining parts as to 
m^iintain the coil in a fixed position, when the eprings are 

i.ot under tension, and bring a light aluininimn pointer, 
ttacbed to the frame, to zero of the scale ou the left. 
T 




Fig. 64. 



These sprinps are made of a special, non-magneti( 
ahoy, and are placed in n])prwitii>n to nentralize ths 
effects of expansion and contraction under variations of 
temperature. 

A resistance coil, mounted within the ease, makee 
electric connection, by one of its terminals, with oue of 
tbe spring while tbe other terminal is c-onnected with 
the front binding-poBt on the left. Another connection 
with tlie rear binding-poRt on the same side taps this coil 

a point nearer the spring, bo as to inclnde a much 
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lower reaiatance. T!ie other spring is connected with 
tlie binding-post on tlie riglit, lack of wliicli is a contacti . 
key and a calibratinjj coil. Tliis part of tlie circnit eaii 
l>e closed permanently, after calibration, by depre8Bin^^ 
the key and giving it a quarter-turn. 

When connections with an electric source ai-e made b,^- 




Pig. 65. 
tlie right binding-post and either of the two on the left, 
the current enters and Jeaves the copper coil tfarongh 
the Bpringe, its direction and the winding being eooh as 
to produce deflection from left to right; the coil tending 
to rotate into a position at right angles to the lines of 
magnetic force, in opposition to the tension of the springe. 
And the instrnment being calibrated in accordance with 
tlie resistance of its coils, the deflection of the pointer 
will indicate the difference of potential in volts; since 
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*ith a given resistance the E. M. F., or potential differ- 
ence, varies directly as the current strength. 

The entire resistance is to that of the sectional part in 
tfae ratio of 20 to 1 ; the divisions of the scale being in 
^olts for the onter reading, corresponding to tlie high 
5"^sistance, and the same in twentieths of a volt for the 
"iiier reading, corresponding to the low resistance, as 
^Vjown. Hence the E. M. F. which will ppodnce a de- 
**-*?etion of one division, when connection is made with 
**iie front binding-post on the left, will produce a deflec- 
"fc^on of twenty divisions when connection is made with 
^le rear binding-post. 

The high-resiatance cirenit is used for apparatus gen- 
Crating strong currents, as dynamos, and the low-resist. 
siiiee cirenit for apparatus generating weaker currente, 
aa primary batteries, on account of its greater sensitive- 
TieES : and as a dynamo current woold be likely to injure 
or destroy the copper coil, if admitted through the low 
resistance, the rear post ie protected from accidental 
contacts by an outer covering of hard rubber. In some 
of the instruments all the posts are similarly protected; 
tile rubber also preserving the contacts from oxidation. 
The scale readings also vary in different instruments. 

The deflection of a current-bearing coil in a magnetic 
field of special strength gives the instrument great 
anperiority over instruments depending on the de0ection 
of a steel or soft-iron nee<]Ie ; the magnetic action being 
stronger, and its relation to the current more direct. 
The constancy of the instrnment is dependent solely on 
the constancy of the magnet, the springs, and the inter 
nal resistance. 
Thb "Wbbton AMMErBE. — The constmction of the 
'eston ammeter is similar to that of the voltmeter, but 
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simpler; t.Iie cliief differences beinji; that tlie copper eoi! 
ie of coarser wire. Laving much lower resistance, and 
the resistance coil is not required: hence there are oiilv 
two binding-poets and a single circuit, directly through 
the copper coil and springs. 

The scales for different inatminenta range from 5 
iaaperes, with divisions of ^q- of an ampere, to 100 am- 
peres, with divisions of 1 ampere, according to the rela- 
tive resistance of tlie coils. 

The Weston Milliakmeteh. — This Instrnment has the 
same construction as the ammeter, but lower resistance. 
Instruments of two diffei-ent resistances, with scales of 
correspon<iing difference, are constructed ; one of 300 
milli amperes, with scale divisions of S niilliampereseach; 
and the other of 600millianiperes, with scale divisions of 
4 millianiperes each. 

A milliampcre being xA^ of an ampere, it is evident 
that these instruments are capable of measuring very 
low currents, especially as the scale divisions are readable 
to fifths; so that the smaller instrument can indicate 
B current of ^ of 2 milliamperea, = ^^Vff '*^' ^^ ampere. 

The Wirt Volthetkk. — This instrument, illustrated 
by Fig. 66, is coustrneted on the principle of ascertaining 
the E. M. F. to l»e measured by comparison with a known 
E. M. F. ; each being proportional to a resistance having 
similar conditions through which the measurement is 
made. 

The case incloses two Clark cells, each having a con- 
stant E. M. F. of 1.43 volts, the connections being so 
Arranged that either can be employed alone, or the two 
joined in series so as to ob+ai:i an E. M. F. of 3.86 volts. 
Under the glass cover is shown a small galvanometer, 
with magnetic needle, light aluminium pointer, and 
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'fermmal .vires connected with the coil; also a small 
«;ale, not shown, under the pointer, having a limited 
range, in opposite directions, from at the centre. 

Extending round the case inside is a coil of german- 

eiher wire, having a resiptancc of about 2500 ohms, one 

terminal of which is attacht'd to one of the hinding-posts 

lii^own on the right, marked -j-, while a eliding contact. 




can be moved to any reqnired point on this coil, 

-connected with the other hinding-post, marked — ; 

lOd this contact is attached to the rim of the hard-nibher 

/^p, flhown above, which can be rotated on the interior 

part of the cap, on whioh ib shown a scale gradnated in 

from li t" l:;o. By rotating thia rim. k short in- 
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^^P dex, attached to it, is moved to any required point on the 
^^B Bcale, the eliding contact being moved Bimaltaneously, so 
^^H as to include any re8iBtance required between the ter- 
^^H miimls of the bindiug-po^ts. 

^^f^ Tlie galvanometer circuit also inchides a certain per- 
il tion of this coil, having a known reeistance calibrated 
with reference to the Itnown E. M. F. of the battery cells, 
which are also included in this part of the circnit. A 
contact key, shown on the left, closes this circuit through 
the galvanometer, producing deflection of the needle and 
attached pointer. 

If connection with a generator whose E. M. F. is to 
be nie:isiired lie made- through the binding-posts, so that 
the current shall oppose the meter's battery current, the 
needle will be deflected, when the contact key is closed, 60 
long as the generator current is stronger or weaker than 
tliat of the battery. 

Let the instrument be so placed that the earth's mag- 
netism shall bring tlie galvanometer pointer to on the 
small scale ; and let the rim be turned so as to bring the 
attached index near the probable E. M, F. on the large 
scale; then, deflection being produced by closing the 
contact key, let the rim be turned so as to include suffi- 
cient resistance to equalize the opposing currents and 
bring the galvanometer pointer back to ; the indes 
will then show the E. M. F. of the generator in volta on 
the large scale. For since, with a given current, E, M. F. 
varies directly as resistance, if the E. M. F, of the battery 
be represented by E and that of the generator by E\ the 
resistance of the battery circuit hy R and that of the 
generator circuit by B', then R: R' ::E: E'. That is, 
the resistance of the battery circuit is to the resistance of 
the generator cir-iuit as the E. M. F. of the battery is to 
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the E. M. F. oi the generator, and the calibration givea 
this E. M. F. in volts. 

A switch iB shown in front bj" which connection can 
be made with either of two separate cirenits, the I'ightr 
hand contact, marked -^ to indicate the relative meaenre- 
ment of E. M. F., connecting; with one having ten timee 
the resistance of that connected with the left-hand con- 
tact. At the opposite corner, in the rear, three battery 
connections are arranged, the right and left ones, marlted 
-^ and B. being each throngli a separate cell, and the 
central one, marked 2, throngh the two cells in series ; a 
plnj: closing whichever connection is to he need, "When 
the switch is on contact 1. as shown, and the plug in A 
OI" B. the scale readings require no correction, and should 
I* tbe same with the plug in either hole, each cell being 
B eheck on the accnracv of the ether. But when the plug 
IP in bole 2, the cells being in series, the reading must be 
mnltiplied by 2, pinee the battery E. M. F. is doubled ; 

But when a generator of low E. M. F. is to be tested, 
tiie switch is connected with the contact marked ^j, 
wLieh includes, in the hatterv circuit, a resistance of ten 
times that inelnded by contact 1 ; hence, since the bat- 
tery enrrent with this i-esistance la only -^ of what it was 
with the former reeistance, -^ the E. M. F. will develop 
an opposing current of equal strength, giving the same 
reading, which must be divided by 10 to give the correct 
E.M. F.; ioT\0R:R'\:10E:E'. 

Each cell is If inches high and f of an inch in diani 
eter, constructed with an inverted glass cup, inclosed in 
» brass ease and hermetically sealed with soft rubber 
melted into the bottom. 

The electrodes are zinc and mercury, and tbe fluid 
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sulphate of zinc and sulphate of mercury, formed into 
;e in which the electrodes are inclosed ; connection 
with the mercury being made by an insulated platinum 
Btrip which represents the positive pole. 

This cell is selected on account of the remarkable con- 
stancy of its E. M. F., and the instrnment is calibrated 
for a cell temperature of 21° C, requiring a correction in 
the reading of .000367 per degree of variation above or 
below 31° C, which must l)e made by subtraction for the 
higher temperature, and by addition for the lower. 

The cells are easily removed and replaced, when neces- 
sary, without disturbing' the connections, and being small, 
lierinciiciilly sealed, and amply protected, do not inter- 
fere in the least with the Itandling of the instrument, and 
can be cheaply replaced wlien exhausted. 

Atkton and Peert'b Spring Voltmeteks amd Am- 
METEH3. — The unreliabihtv of electric measuring instru' 
mente conatracted with permanent magnets, liable to 
magnetic loss, or to variation of magnetism from the 
intluenee of powerful currents, and consequently requir- 
ing frequent recalibration, has led to improved methods 
of construction, of which the spring voltmeters and am- 
meters of Ayrton and Perry are a result. Fig. 67 
represents the ammeter, the voltmeter being of similar 
construction ; the principle being simply the torsion of a 
spring by electromagnetic attraction. 

The current passes through a long, narrow vertical coil, 
of high resistance in the voltmeter and low resistance in 
the ammeter, within which is suspended a light soft-iron 
tube, which incloses a long spiral spring of phosphor- 
bronze ribbon. This spring supports the tube, being 
attached at bottom to a brass cap in which the tube ter- 
Diinates, and above to a milled head which rests on the 
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^aB8 cover and is connected with the spring hy a vertical 
pin which passes through the glass; a similar pin pro- 
jecttt downward fi-om the bottom of the brass cap and 
passes through a hole in a Bnpport below, in which it has 
a free vertical movement; so that the two pins hold the 
spring and tube in a vertical position ; and the tube being 
Bhorter than the coil, its centre on a vertical line is above 
ISit of the coil. To the top of the tube is attached a 




Fig. 67. 



h 

fiftht pointer which rotates over a scale graduated either 
in volts or amperes according to the design of the iDStru- 
ment. 

When no current is pa9sii]» the pointer indicates zero 
on the left of the scale, but when the current passes the 



^1 15: 

H tnl 
V to 



168 THE ELEMENTS OF- ELBCTKW LW. 



tnbo ia pulled down by magnetic attraction, in oppoeition 
to the torsion of the spring, to a digtanee proportional 
to the current's etrengtli; giving it a rotary motion by 
which the pointer is deflected, which indicatee by direct 
readings the E. M. F, in the voltmeter, and the current 
strength in the ammeter, according to the respective 
resistance of eacli instriitnecit, and its position in the ele& 
trie circuit. 

The tube can be tumed by the milled head so ae tc 
bring the pointer to the required position in calibrating ; 
and a reflected image of the pointer, in a mirror placed 
under it, enables the observer to determine accurately 
its position on the ecale. 

A little magnetic needle^ shown at the front corner of 
the base, indicates the direction of the current; but ae 
8uch a needle ia liable to have its poles reversed by 
powerful currents, a bar magnet is preferred for this 
purpose. Since the deflection of the pointer depends on 
the magnetic attraction of the tube downwards, it mnst 
evidently be always in the same direction, and hence in- 
dependi?nt of the direction of the current ; so that while 
this direction may be ascertained as above it is not 
esBentia! to the use of the instrument that it Bbonld be 
known. 

A liglit movable auxiliary coil surrounds the main 
coil and is connected witii it in parallel ; this can be 
moved up or down in calibrating till a positioii \i 
reached in which its inductive inflnence on the mail, 
coil is best adapted to the construction, where it ia mad« 
stationary. 

The case is ventilated, as shown, to prevent the ac 
cumulation of heat generated by the current, which woaM 
expand the spring and ]>rodnce inaccuracy. The osna) 
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binding-poet^ connected with tlie teiminals of the coil are 
shown at the right and left, the left post being marked A 
to distingaish them in iiee. 

The voltmeters are nsuallj constrncted to measure 
E. M. F. ranging from 15 volts to 1000; the ammeters, 
to measure cun-ent strength ranging from -^ of an am- 
pere to 600 amperes. 

Gkavttt Ammetees. — Wiiile springs have greater con- 
stancy than permanent magnets in the construction of 
electric measuring instruments, their constancy is liable 
to vary, or be impaired, from well-known causes, as heat- 
ing, age, and use, imperfect material, or oxidation ; but 
the force of gravity, being always known and constant, 
may be utilized in such construction to produce instrn- 
ments of great constancy. On this principle the United 
States Electric Lighting Company constructed the am- 
meter shown in Fig. 68. 

Two pairs of electromagnets, wound with coils of low 
resistance, and having laminated soft-iron cores, are placed 
as shown ; each pair having its coils wound on the same 
core, producing conse<jnent poles, bat magnetically insu- 
lated from the other pair. 

Atthecenter, between these magnets, is mounted a soft- 
iron armature, lightly poised on a horizontal axis, the end 
of which is seen through the circular opening, and having 
a vertical rotary movement parallel to the magnets' plane. 
This armature is about 2 inches long, IJ inches wide at 
each end, -g- of an inch at the center, and i of an inch 
thick; its sides concave, and its ends convex, and slotted 
to correct the effects of residual magnetism. A pointer, 
attached to its axis, indicates the readings on a scale 
above, as shown. 

When no corrent is passing, the armature is main- 



160 



TEE ELEMENTS OF SLECTJUG LIOHTIXO. 



taiDed in a fixed poaition "by one or more little weights 
attached to its lower left-hand corner, its longer axis 
being on a diagonal line between the lower left and 
upper right-hand corDer of the instruiueiit, and the 




pointer at zero on the left of the scale. Bnt when the 
current paeses through the coila in either direction, the 
armature rotates in obedience to the electromagnetic 
force, its longer axis tending to aesome a horizontal 
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position, and the pointer is deflected from left to right 
in proportion to the current strength, which is indicated 
by direct reading ia amperes. 

By the removal or addition of one or more of the little 
weights, the sensitiveness of the instrument may be 
varied in calibratinp, as required for difEerent ranges of 
current strength. The terminals of the coils are shown 
at the base, and holes for ventilation at the top of the 
ca-!e. 

Instriiinenta constrncted on this principle have not been 
employed t« any great extent as voltmeters, not being 
safficiently sensitive for the light currents required. 

Since the weight, as it rises, recedes from the vertical 
line which passes through itis axis of rotation, the force 
opposing rotation increases in the direct ratiu of tlie in- 
crease of leverage thus produced. Hence, as equal divi- 
sions of the scale would represent unequal increments of 
current strength, they should he made in the inverse ratio 
(if this increase of iever;ige. 

But as it is difficult to nrirlt uff such short spaces with " 
tlie reqaisite accuracy, a gravity arDmeter has been con- 
rtructcd hy the Western Electric Company, with a ver- 
tical electromagnet hnving a pole-piece so curved that 
the rotating armature, bb it rises, coustantly approaches 
it, the magnetic attraction increasing in the same ratio as 
the leverage, so that equal divisions of the scale represent 
equal increments of current strength. 

The Caedew Voltmetee. — The instruments thus far 
described are designed to he used with direct currents, 
and are liable to errors arising from self-induction in 
addition to those from tlie other causes mentioned. But 
since, according to a well-known law, the heat developed 
in an electric conductor is in direct proportion to the 
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square of the strength of the current passing through it, 
instruments can evidently he constructed on this princi- 
ple which will measure either current strength or differ- 
ence of potential, produced either by direct or alternating 
currents, and are not liahle to variation from any of the 
causes mentioned. Auionc; these the voltmeter, patented 
by Cardew in 18S6, has a prominent place. Its operation 




depends on the expansion of metal produced by the elec 
trie development of heat. 

Fig. 69 gives a front view of this instruinent and Kg. 
70 a rearview, showing its internal construction. A fine 
platinum wire, 8 feet long, is stretched in four lengths 
iu a horizontal tube, by attachment to » metal frame 
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«nd pnlleys, as eliowti at aat t in Fig. 70. This tube ia ^ 
made of very thin metal, one third of its length being 
iron and two thirds brass to maintain constancy of length 
between the points of attaehmeut of the wires by such a 
mode of connection as to produce compensation by the 
unequal expansion of the two metals ; and the horizoiitiil 
position is given it to maint^ constancy of temperature, 




Fig. 70. 



and prevent the unequal expansion, from convaction of 
the air to which the tube and wire would be liable in a 
vwtical position. 
■'The wire has a resistance of about 240 ohms, and at- 
twns a maximum temperature of about 200° C. ; and ita 
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expansion varvint; in a certain definite ratio dependent on I 
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expansion varying in a certain definite ratio dependent on 
the difference of temperature caused by the passage of I 
the electric current, whicli, as stated, varies as the Bqnare 
of the current's strength, produces a variation in length i 
proportional to the E. M. F. by which the current is 
Kcnerated. This produces a rotation in the pulley w, to 
the axis of which the pointer shown in Fig. 69 is attached, 
which moves in the same direction as watch-hands when 
the E. M. F. increases, and in the opposite direction when 
it decreases. 

The scale is gradnated to correspond to the expansion 
of the wire ; its divisions varying in size, as indicated, in 
proportion to the variation of expansion produced by the 
nneqnal variation of temperature, in the ratio of the 
square, with equal variation of current strength, and 
consequently of E. M. F.^ sinee resistance remains con- 
stant. 

This inptrnnicnt slionld be calibrated for the averaare 
temperature of the room in whicli it is to be used. 

The Edison Clkkent Hexes. — This is a commercial 
instrument coustnicted on the principle that tlie quantity 
of current couaumed on a lamp circuit is in direct pro- 
portion to the quantity of metal deposited by electrolysis 
by a small current from the same source, passing at the 
same time, through a shunt. 

Fig. 11 bIiows the construction. There are two cells, 
p. Pi, intended respectively to show the monthly con- 
sumption, and the consumption for a longer period, the 
one to act as a check on the other; each cell contains 
amalgamated zinc plates immersed in a solution of zinc 
sulphate, both having precisely the same construction. 
Underneath each is a corrugated hand of German 
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silver; tlie twelve eorruiraiiona at the left, marked m,., 
forming tlie ehnnt tlirongh wliieli current flows to tlie 
cell p; and tlie four at tbe riglit, that tlipoiigh which 
current flows to tlie cell p^, wliieii c(inseqneiitly receive* 
fonr times tlie current tlirongli one-fourth the reaistanco. 
As tiie deposition of metal varies with chiinge of 
tetfiperaturc. aftpfivatiis for eqiializinir the tsoiperature, 
and Ciitiipeiii^atiuf; the L-ffeL'ts of variation, becomes 




neces?ar;^\ The general teni[)eratiire of the instrument 
is equalized by the lamp I c,, above wbieh is the com- 
pound bar fc. Wheo the temperature falls below 
the normal degree, tbis bar bends down, cloeing (be 
cirenit through the contacts c, Cj, and Jighting the 
hmp: aa the temperature rises, this circuit is opened 
by the upward bending of the bar, and the lamp ia 
extinguished. 
But as rise of temperature by tlie chemical re-action 
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of the cells increases the conductiyity of the solutions, 
the corapensuting copper coils, w, w^ are placed in 
circuit under each cell respectively. The increase of 
current through each coil, caused by increase of con- 
ductivity in the solution, xaises the temperature of the 
coil, and reduces its conductivity; hence, by making 
the length of each coil such that its temperature shall 
vary iu the same ratio as that of the solution, compen- 
sation is effected ; the rise of temperature in the coil 
reducing its conductivity, and diminishing the current, 
in the same ratio as the rise of temperature in the 
solution increases its conductivity, and vice vena. 

These cells are removed and renewed at stated peri- 
ods, the zincs weighed, and the amount of current 
consumed estimated by the amount of zinc deposited. 
One of the cells is accessible to the consumer, and 
monthly inspector; while the other is examined only 
by the higher inspector at the close of the longer 
period, and the results compared and corrected; the 
deposition of zine in each respeclively for the diffei-ent 
periods being practically the same in conser[nence of 
.the difference in supply of current. 

The Forbes CorLOMB-JfKTER, — Meters like the Edi- 
son cannot be used tor the rneiisurement of alternating 
currents ; but one has been invented by Forbes, operated 
by the heat developed by the current, which can meas- 
ure either direct or alternating currents. Its conatroc- 
tion is slinwn in Fig. 72. The current passes throagha 
flat coil of iron wire, above which is mounted, on a 
paper cone having a jewelled bearing at its apex, a mica 
diet, with mica vanes attached. The heat developed 
by the current produces an ascending current of i 
-vhieh rotates the disk, operating a light train of clock- 
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work which moves indexes over two dials, registering 
the current conBUinption in couloinlis; units bnjng 
refpatered on one dial and tentlis on tlie other. A 
gliisa sbade protects the apparatus from external air* 
current& It has never come into practical use. 




Pig. 78. 

Thk Thomson Keooedino Watt-Meteb. — Since both 
E. M. F. and current Btrength are included in elecln^ 
energy, a meter for tonnnercia] iise should record their 
joint product as represented hy the watt. Fig. 724 sl'owa 
locfa a meter, invented by Elihu Tbomaou. 
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Two field-eoils, A and S, compoeed of heavy copper 
wire, varj'iDg in diameter from ^ of an inch upward, 
according to the reqnired capacity of the meter, are 
moDBted as shown, ahout f of an inch apart. They are 
wound ■without enres, both in the some direction, in 
series with each other and with the electric mains ; the 
winding being in vertical planes, parallel to the open 
ends, and hence at right angles to that of the exterior 
clotli covering shown in tlie cut. 

They inclose a drum armature of the Siemens type, 
Beea through the opening on the left, compoeed of eight 
to sixteen coils of fine copper wire wound vertically, 
in a closed circuit, on a Jight frame of noQ-magut;tic 




Fig. Tai- 
laterialf and moanted on a vertical shaft, the tenninaU 
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of each coil being attached to adjacent segmente of a 
silver commutator, moanted on the shaft jnet above the 
armatnre. 

The field-coils, t>eing in series with the mains, carry a 
cnrrent of the same stren^h, while the armatnre, which 
is on a fine wire shunt between the mains, carries only a 
small percentage of this cnrrent, representing the E. M. F. 
at this point, and equal, at average normal electric press- 
ure, to about ^j to j'u of an ampere, but varying accord- 
ing to pressure and capacity of meter. Hence the mutual 
induction of the two currents represents the joint product 
of E. M- F, and current strength, the two factors of elec- 
tric energy included in the watt. 

Tlte shunt current enters and leaves the armature by 
two silver-tipped copper spniiga which eonetituto the 
brnehes, and press against opposite segments of the 
cumnmtator on the neutral line between the field- 
coils, as in the dynamo; rotation of the armature being 
produced by tlie magnetic polarity induced in the 
field and armature coils respectively, aa in those having 
iron cores. This polarity is similar on adjacent sides 
of the field and armature, and opposite on opiK)site 
sides; hence each half of the armature is repelled from 
that side of the field having similar polarity and attracted 
to that having opposite polarity ; and the direction of the 
cnrreot in each armature-coil lieing reversed by the com- 
mutator, on the neutral line, at each half-revolution, the 
rotation is made continuous. The mode of action is the 
eaoK as that of the electric motor, or reversed dynamo, 
cnrrent producing rotation, instead of rotation producing 
current as in llie dynamo. 

As reversal of current in the field-coils would produce A 
^^Aprresponding reversal in the armature coils, the relative fl 
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direction of current in each, and hence the relative po- 
larity, would remain the Same, producing rotation in the 
same direction as before reversal. Hence an alternating 
enrrent producee continuous rotation in the eame manner 
as a direct current, reversal being simaltaoeons in the 
iield and armature. 

The shunt current traverses a pernnaii-silver resistance 
coil in the back (7, by which its strength and relative 
E. M. F. may be varied inversely as required; and in 
meters designed for circuits of very high potential, as 
1000 volts, it passes also through a small transformer by 
which its E. M, F. is reduced. 

The shunt circuit beingconneeted to the mains between 
the field-coila in most of the meters, its current traverses 
the armature in series with that of the fteld-coils, instead 
of in parallel, ae it would if the shunt connections M-ere 
outside of theiield-coils; and a slight additional strength 
of field, and hence of rotary force, is thus gained, which is 
of importance in compensating friction at low speed of 
the armature, when the ratio of friction to rotary force is , 
large. 

The armature rests in a jewelled bearing, by which its 
friction is rednced to a minimum. Near its upper end 
it carries an endless screw which engages a train of gear- 
ing by which live pointers are rotated, at different rates 
of speed, over dials having ten divisions each, record- 
ing the energy cousnmed in watt-hours, on a decimal 
scale, ranging from 10,000,000 on the left-hand dial to 
lono on the right-hand dial ; each indicating a decimal 
part of that indicated on the next preceding dial to the 
left. A watt-hour represents the electric energy of a 
current of one watt flowing for one hour, or its eanira. 
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tent foi any fraction of an hour, as a ten-watt cnrrent 
for a tenth of an lionr. 

Attaeiied to the shaft, near its lower end, ia a copper 
disk, D, which rotates between the poles of three mag- 
net.e, generating an opposing force by which the speed of 
the armatnro is limited and controlled, and which variea 
as the number of lines of force cnt by the disk per unit 
of time, and thorefore in the same ratio as the speed. 
This prevents excessive speed, also speed due to uiecliani. 
cal momentum in excess of electric energy, and puts the 
apparatus under the control of opposing forces generated 
solely by the electric energy, and therefore correctly rep- 
resenting iL 

By increasing or diminishing the distance of the mag- 
nets' poles from the centre, the retardation can be cor. 
respondingly increased or diminished, and the speed 
regulated as required in calibration. Magnetic loss eao 
also he thus compensated when recalibration ia required. 
This loss is slight, however, as the constancy of the mag- 
nets is improved by a special seasoning before they are 
put in use. 

These meters vary in minor details of construction, 
with reference to tlieir capacity and the use for which 
each is designed ; and they are thus adapted to different 
systems of electric distribution, and to direct or alternat- 
ing currents ; those intended for direct currents requiring 
non-magnetic frames. They range in current capacity 
from 10 amperes to 150, and in potential capacity from 
60 volta to 2000. 

Measubement of Electkio Resetanok. — Since car- 
rent strength depetids on the mutual relations of electro- 
motive force and resistance, it is evident tliat apparatus 
for varying resiBtiuice by the introduction or withdrawal 
of A definite known quantity, and of ascertaining and 
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ring it wlipn unknown, in order to properlv adjrst 
these mutual relatione, is a matter of the highest im- 
portance in electrical construction. Besintanee may be 
varied, as already shown, by varying the length or diam- 
eter of tlie condnctor, or by changing tlie circuit from 
Beriea to parallel or the reverse; but af) this usually re- 
quires permanent conetruetioa, it becomes neceseary to 
have also some simple means by which a resistance o( 
known amount can be properly introduced into any cir- 
cuit or withdrawn from it without interference with the 
permanent construction: this is furnished by the resist- 
ance coil, or rheostat, ns it is also termed. 

Kebistanoe Coils. — Resistance coils are made of ger- 
man-silver wire on account of its high resistance, which 
la usually about seventeen times that of pure copper^-wn^ 
calibrated as to gauge and length for a given number of 
ohniB resistance, the wire being properly wrapped for in- 
fiulation. Fig. 73 gives an ideal view of the conetrnc- 
tion. 

X, Y, and Z are short blocks of brass, insulated from 
each other above, but connected below through the coilii 
t' and d, as shovni ; each coil 
being wound with r double 
etrand to reduce self-induction. 
Two brass plugs, a and A, hav. 
ing hardrnbber handles, tit 
into holes between the blocks, 
so that when placed as shown, 
^'S. T3. the three blocks are in electric 

connection, and having practically no reaistance, a current 
would pass directly through them, without traversing 
the coils. But if a ping, as a, is removed, the current 
between X and Y must then pass through the coil n. 
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In like manner if plug i is removed, the carrent between 
Y and ^ Vnnst pass through the coil d; which, being 
twice the length of e, wonld have twice the resistance if 
made of wire of the same gauge, op fonr times the r« 
distance if also the cross Bectioii of the wire was one halt 
that of c. In this way resistance can be varied to any 
practical extent required. 

Sets of resistance coils, calibrated for resistance vary- 
ing from 1 ohm or less to 10,000 or more, are con- 
veniently arranp;ed in cases, as shown in Fig. 73^. The 




s a hard-rnbber cover h\ which the brass blocfci 
are insulated above, each pnii Ijcliij; connected tliroiigb a 
coil below, as shown in Fig, 73. A hole in the centre of 
each block receives each plug when removed from be- 
tween the blocks, to prevent its being mislaid, and con- 
nection with the electric circuit is made through the bind- 
ing-posts shown at the right. 

To introdnce any required resistance it is only neceg. 
eary to remove the plug from its place between the blocks 
opposite which the resistance required is marked on the 
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'er, the other pings all remaining connected. If, foi 
instance, 1 ohm resiatanoe is to be introduced, let the first 
plug at the front right-hand corner be removed, opposite 
which "1 ohm" ie marked ; the current must now flow 
through that coil, and pass by all the other coils, through 
the blocks and plugs ; if 50 more ohms are to be added, 
the last plug at the rear left-hand corner is removed, op- 
posite which is marked "50 ohms;" and the resistance 
then becomes 51 ohtus. 

The Standard Light ITnit. — The illuminating power 
of a lamp is determined bv the photometer, by com- 
parison with a standard unit of light. This standard 
varies in different countries. In France it is the Car- 
eel lamp, in which pure colza oil is bnrned; the wick 
being 30 millimeters in width, and. the flame 40 niilli- 
meters in height. The German standard is a paratliii 
candle, 20 millimeters in diameter, having a flame 50 
millimeters in height. The English standard is a sperm 
candle, burning 120 grains per hour. The Paris Elec- 
tric Conference of 1881 adopted as a standard unit the 
light radiated by a centimeter of pure melted platinum 
at the temperature of congelation. A platinum strip 
6-6 millimeters wide is inclosed in a metal box having 
a conical opening of 1 square centimeter at its narrow- 
est part, and is brought to the point of fusion by a 
battery current; the radiated light being just one-tenth 
that of the standard unit. A lamp or candle whose 
illumination has been determined by this unit, can be 
moat conveniently used in practice. 

The Bunsen Photometer. — Every photometer is 
constructed according to the well-known law, that the 
intensity of light varies iuvevaely as the square of the 
dj.itance ; the light being received liy the instrument at 



ii certain definite angle- Of the various instruments- 
of this kind in use, the Bunsen is one ot" the simplest 
iujd most practical. A convenient style of this instru- 
luent eonsiata of a narrow box about forty inches in 
length, with sliding shutters on one siile : in it is placed 
a. little screen of oiled paper mounted on a movable 
frame between two mirrors, at equal angles to both, 
so that an illuminated spot on the screen can be seen 
at the same time in both mirrors. This screen, with' 
the mirrors, slides longitudinally, and can be moved to- 
any required point on the central axis of the box, and^ 
inspected through an opening in the shutters. The* 
standard light is placed in one end of the box, and the 
light to be measured in the other end, air holes beijig 
provided above each. The screen is then moved to a 
point where the intensities of the opposite lights, as 
seen by their reflected images in the mirrors, are equal, 
which requires careful adjustment till the variation in 
illumination is equalized. The exact distance of each 
light from the screen being shown on a graduated scale, 
the illumination of the light under measurement, as 
compared with the standard, is determined by the law 
given above. If the distance of an incandescent lamp 
from the screen is four times that of a standard candle, 
then the caudle power of the lamp is 4 x 4 ^ 16 
candle-power. 

If an arc light is to be measured, the required dis- 
tance from the screen being too great to admit of the 
use of the box, the measurement must be made in a 
darkened room of suflScient length. 



CHAPTER VII. 
The Arc Lamp. 

Pedtciples of the Arc Lamp. — The production 

of light and heat by the electric current depends prima- 
rily on the strength of the current, and on the resist- 
tanee which it eucountera ; the development of heat in 
a conductor, according to Joule, being proportional to 
its resistance, to the square of the strength of the 
current, and to the time the current lasts. We have 
illustrations of this in the spark of the electric machine 
and in the lightning's flash, both of which result from 
the resistance of the air to the passage of electricity. 
Heat is always a result of this resistance, even in the 
best conductors, and precedes the production of light; 
but the resistance encountered iu such conductors as 
copper and iron is not sufficient, except with currents 
of abnormal strength, to raise the molecular intensity 
to the degree requisite for the production of light. 
The case is analogous to that of the production of 
heat by friction, where heat development is in the 
inverse ratio of heat conductivity : friction between 
wooden surfaces rapidly produces combustion, the 
effect being, from want of conductivity, concentrated 
on the points in contact i while from the conductivity 
of metals the heat developed by the same amount of 
friction is distributed through the mass, and the tem- 
^rature developed at the points of contact proper- 
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tionally reduced, the proportion depending on the 
conductivity of the metals. Similarly, what takes place 
on the surface in mechanical friction may be assumed 
to take place throughout the mass in the molecular 
action which we terra electricity. And if, as we have 
assumed, electric conductivity depends on molecular 
arrangement, the internal friction between the mole- 
cules must be greater in an abnormal arrangement, 
such as may be assumed to exist in substances of low 
conductivity, than in the normal arrangement assumed 
to exist in those of high conductivity. Hence the 
choice of a substance having the proper proportions of 
conductivity and resistance combined with other neces- 
sary qualities becomes an important consideratiou in 
the construction of the electric lamp- 
There are two methods of producing the light, one 
depending on the combustion of the light-producing 
substance, and the other on its incandescence ; and these 
methods have given rise to two systems known respec- 
tively as the arc light and the incandescent light 
systems. The arc light is the oldest, and originated 
with Sir Humphry Davy in 1813 ; and it is remarkable 
that carbon, the substance in common use in the modern ■ 
electric lamp, was the substance which he adopted in 
those early experiments ; and the construction of the 
modern lamp has for its principal basis the same funda- 
mental principles which he discovered and adopted. 
Passing a current furnished by a battery of 2,000 
™itaic cells through two rods of common wood char- 
coal, placed end to end, he obtained, on slightly sepa- 
rating them, a light of intense brilliancy and heat, 
Wing the form of an arch, or arc of a circle ; hence 
the term voltaic arc, designating both the origin and 
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form of the light, the latter word being still retained, 
while the former has fallen into disuse since the 
battery, as a generator for lighting purposes, has been 
superseded by the dynamo. 

The contact of the carbons is necessary for the 
establishment of the current, and their subseq^uent 
separation for the production of the light. The ordi- 
nary current which maintains the light is not strong 
enough to pass through an air space of even -j^Jju of 
an inch ; but the current produced by the separa- 
tion of the carbons after contact is far more powerful, 
resulting from the difference of potential caused by 
the sudden accumulation of enei^y on the positive 
side of the break, and the negative condition on the 
opposite aide ; a film of carbon is volatilized by this 
powerful current, and the space between the carbons 
filled with carbon vapor, -which is a partial conductor 
of very high resistance. The combustion of this vapor, 
and of the carbons themselves by the union of oxygen, 
heats the air, and reduces its resistance, so that the 
current is maintained in this heated air and vapor 
at its normal strength through a resistance varying 
from H an ohm to 100 ohms, and across an air space 
of y„ to H inch. The light is of intense brilliancy, 
varying from 1,000 to 2,000 candle-power, being greatest 
on the surfaces of the carbon points, especially on that 
of the positive carbon ; while the heat, which is also of 
great intensity, is greatest in the carbon vapor, and 
capable of volatilizing the most refractory substances., 
not excepting even the diamond. 

The direct current is usually preferred for the arc light*, 
and the vertical position for the carbons ; the curreufc 
jiassing from the upper to the lower carbon, as. showiT 
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Ii Vig. 74. The npper, or positive, carbon is consumed 
about twice as rapidly as the lower, or negative, carbon ; 
and the exterior of both more rapidly than the interior; 
consnmption increasing toward the tips, producing acone 
on each, the lower pointed, and the upper truncated, with 
the formation of a crater at the tip. The light, l>eing tlie 




Fig, 74. 

oioet intense on the upper carbon surface as stated, ema- 
nates chiefly from tliis crater, and is radiated downward ; 
the amount thus radiated being equnl to about sixty-five 
per cent of the entire light produced. This is the prin- 
Hpal reafion why the direct current is preferred for arc 
lighting; illamination, except in special cases, being 
below rather than above ot \u a \\ot\i»\\\:^ 
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direction, especially from arc lights, which, from their 
intense brilliancy, and the powerful currents which they 
require, must be elevated for safety. 

With the alternating current, both carbons are con- 
Bumed at the same rate, and both retain the pointed 
form, which permits a free radiation of the light in 
nearly every direction. For lighthouse illumination, 
there is an advantage in this ; and by reflectors and 
lenses, the light can be concentrated and iutensiGed in 
a given direction. While there would seem to be an 
economical advantage in the equal consumption of the 
carbons by the alternatiug current, it has been ascer- 
tained by esjwriment that tlie carbon wastage is much 
less with the direct current. 

In short arcs, particles of carbon and fused impurities 
are deposited on the lower eart>on, forming tlie iinish- 
7-onni tip eliown in Fig. 74, which is biirtit off at the 
base and again renewed, as the consumption pro- 
ceeds. This deposit does not occur in long arcs. 

The flame assumes the form of an arc from the fact 
that the electric potential of the space between the 
carbons is much higher than that of its surroundings, 
JHcluding the air and external objects; consequently 
the incandescent vapor is repelled from this space by 
virtue of equality of potential within the space, and 
attracted outward by virtue of difference of potential 
between the space and its surroundings ; and the flame 
being connected with the carbons above and below, the 
central part alone yields to this outward pressure, pro- 
ducing the arc. 

' Since the alignment of the carbons is not exact, nor 
the surfaces in contact perfectly flat, the flow of the 
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current before separation is liable to be thicMgh points 
at one side of the center ; and after separation and the 
formation of the crater, the line of least resistance is 
evidently between the point of the lower carbon and 
the lowest point on the edge of the crater. The high- 
est potential is evidently through the center of the 
flame, where the principal part of the current is flowing ; 
and the outside potential being lower than the potential 
at any point between the carbons, the flame bends out 
to one side, instead of equallj- on all sides, and forms 
an arc ; whereas, if the current were perfectly central, 
and the outward pressure perfectly equal on all sides, 
the flame would be a spheroid. 

As each lowest point on the edge of the crater is 
consumed, and the distance, and consequently the re- 
sistance, is increased, the flame shifts to the next lowest 
point, and so travels round the edge of the crater while 
pivoted on the point of the lower carbon. 

As an electric current can be attracted or repelled by 
a magnet, this flame-bearing current exhibits the same 
effects ; and the arc can thus be increased or diminished 
by the approach of a magnet, and also be attracted by 
the approach of an unmagnetic body of different elec- 
tric potential. 

Arc Light Cakbons, — As the efficiency of the 
electric light depends very largely on the carbons, it is 
of the highest importance that they should be properly 
prepared ; hence not only the materials of which they 
are composed, and the methods used in their prepara- 
tion, require careful consideration, but their length, 
diameter, conductivity, resistance, and other points, are 
also matters of the utmost importance in securing the 
best results. 



^f en 



182 THE ELEMENTS- OF ELECTRIC LIGHTING. 



I 



Aa already stated, wood cliarcoal was the substaooe 
employed by Sir 'Iiimphry Davy; but this in its ordi- 
nary state is unsuitable, being soft, porous, and rapidly 
consumed, with a deflagration troublesome and danger- 
ous: it therefore became necessary to find some form 
of carbon which would consume slowly, and give a 
steady, brilliant light. The carbon cut from the inte- 
rior of gas retorts, was proposed by Foucault, and was 
found to fulfill these conditions to a certain extent ; but 
its impurity, and lack of homogeneousnesa, interfered 
seriously with the quality and steadiness of the light, 
though, for want of something better, it was used in 
all the early experiments; but it became evident that 
carbons specially prepared for this purpose were required, 
and this requirement became the more imperative when 
electric lighting, by the invention of the dynamo, was 
made a commercial success. Various experiments by 
different European inventors finally resulted in the pro- 
duction in France of the carbons of CarrI and Gaudoin, 
which were the first to fulfill approximately the 
required conditions of purity, homogeneity, proper 
resistance, and proper form. 

Previous experiments in this direction by Lacassagne, 
Thiers, and others, had been made in 1857 and subse- 
quently, by pulverizing and purifying the carbon, 
making it into a paste, molding and baking it. One 
of the early methods of Gaudoin was to use rods of 
wood charcoal, similar to those employed by Davy, 
infiltrate them with various hydrocarbons by repeated 
soaking and baking alternately till they had attained the 
necessary consistence as indicated by their metallic ring. 

The CarrS carbons, which still maintain a high 
Btandard'of excellence, are now made as follows : Fifteen 



parts of pure coke finely pulverized, and five parts 
■of calcined lampblack, are mixed with seven to eight 
parts of a syrup made of cane sugar and gum arabic, in 
the proportions of thirty parts of sugar to ten parts of 
gum. The mixture is then pulverized, made into a 
paste with water, forced under heavy pressure into 
a die of the form required for the carbons, and baked 
repeatedly at a very high temperature. After each 
baking the carbons are immersed in a concentrated 
Byrup of burnt sugar, maintained at a boiling tempera- 
ture, so as to fill the pores with the sugar, the process 
being facilitated by intervals of cooling ; and the super- 
fiuouii syrup being washed from their surfaces with 
boiling water previous to each baking. When the 
required density is attained, the carbons are slowly 
dried for about fifteen hours at a temperature of about 
170° C, and are then ready for use. Great tenacity is 
one of the good qualities claimed for these carbons, and 
they can be used in lengths of twenty inches without 
risk of fracture. 

The Gaudoiu carbons are made from carbon obtained 
by the destructive distillation, in closed graphite cruci- 
bles, of tar. bitumen, pitch, oil, and other substances; 
nil foreign matter being expelled, leaving a residuum of 
nearly pure carbon. 

This is reduced to a fine powder, made into a paste, 
and the carbons formed under a high pressure. 

Napoli, another French manufacturer, makes his 
carbons from a coke obtained from the slow distillation 
of coal. This coke, after being pulverized and screened, 
is mixed with gas tar, in the proportion of seventy-five 
per cent of the coke to twenty-five per cent of the tar. 
The carbons, after being formed, are first baked at a 
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low temperature, not exceeding that at whicli the coke 
and ( - were produced ; after cooling they are baked 
agai?i at a white heat, which removes all traces of gas, 
producing carbons of great hardncs;:, rendy for use with- 
out further treatment, which are saiil to give a steady, 
pure white light at a slow rate of consumption. 

In the manufacture of the Liepmaun carbons, made 
in London, the raw material is obtained from the dis- 
tillation of mineral oil, whic)., it is claimed, contains 
only carbon and hydrocarbons, and furnishes carbons 
free from the impurities found in those made from coke, 
graphite, or retort carbon, which produce the colored 
tints and flickeiings in the light, and the troublesome 
ash deposit. The material is soft and brittle, and 
easily pulverized. It is first ground to a fine powder, 
then baked, and subsequently mixed with a specially 
prepared tar, and the paste thus formed, molded into 
carbons. The molding is done under a pressure of 
about thirteen thousand pounds to the square inch, 
obtained from a hydraulic accumulator in connection 
with a steam-engine and pump. The carbon rod, 
squirted endways through a die, issues continuously 
upon a table moved on rollers; and, when a length of 
four feet is attained, it ia cut into twelve-inch lengths 
by four knives carried in a frame. The carbons are 
then stp.cked, with carbon dust between the layers to 
prevent adhesion, dried in the air for several weeks, 
and then straightened by being rolled between boards, 
after having been sufficiently heated to render them 
plastic. Twokindsare prepared in this way, — the solid 
carbons, and the shells for cored carbons. These shells 
are closed r.t one end, and the cores injected by a small 
hydraulic prca^. 



The baking, which is on exceedingly important and 
ilelieate operation, is done in gas-heated furnaces in 
which the heat can be kept under perfect control. The 
carbons, stacked upon an iron trolly, are slowly passed 
through the principal furuaee, which has five zones of 
heat : they enter through the coolest zone, and emerge 
through the hottest, and then pass into an auxiliary 
furnace, the temperature of which is reduced very 
slowly. They are then finished by trimming the ends, 
and copper plating such as require it, and, after being 
tested for resistance, are ready for use. 

The testing is accomplished by an automatic machine, 
electrically controlled, through which the carbons are 
passed ; each one being momentarily inserted in a shunt 
to a solenoid. The required resistance of a carbon 
being about two-tenths of an ohm, if the resistance 
exceeds this, the carbon is held, carried forward, and 
dropped into the box of rejected carbons ; but if the 
resistance is less, permitting a greater flow of current 
through the carbon, the current through the solenoid is 
reduced ; and by means of a spring, which opposes the 
attraction of the solenoid, the carbon is released, and 
drops into another box. 

The copper plating is accomplished by an apparatus 
having eight sliding frames, each carrying a row of 
spring clips by whicli the carbons are suspended, and 
under each frame a glass vessel containing dilute sul- 
phuiic acid in which a copper cylinder is immersed ; 
this cylinder forms one of the electrodes ; and the frame, 
when lowered and immersed in the liquid, forms the 
other. The current is furnished by a dynamo, which 
also supplies the current for the testing machine, con- 
nection being made by an automatic switch when the 
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I frame is lowered ; and the time required for plating is 
indicated by the color of the deposit. 

In the United States the material now used in the 
manufacture of arc light carbons is petroleum coke, a 
residuum of the distillation of crude petroleum, which 
contains very little foreign matter that cannot be ex- 
pelled by heat. This is ground and mixed with some 
hydrocarbon, generally gas-house pitch, and the mix- 
ture then ground again. It is then placed in ateel 
molds of the proper form, twelve inches long, and 
heated sufficiently to render it plastic, after which it is 
subjected to a hydraulic pressure of from 3,000 to 8,000 
pounds to the square inch ; the amount of pressure de- 
pending on the purpose for which the carbons are 
intended. They are then baked at a high temperature for 
24 to 100 hours, according to the style of furnace, and 
number of carbons placed in it. The crooked carbons 
are tlien culled out, and the straight ones electroplated. 

It has been shown that the arc light is derived from 
incandescent carbon, and carbon vapory also that, in the 
process of manufacture, various hydrocarbons are used. 
both in the original composition and in the subsequent 
process of infiltration, after which the carbons are again 
baked at a high temperature j the object of the infiltra- 
tion being to produce density, and of the subsequent 
baking to reduce the hydrocarbons to pure carbon by 
expelling the other constituents. 

It is found that the intensity of the light is in the 
direct ratio of the temperature of the arc; and, since 
pure carbon requires for its volatilization the highest 
temperature of any known substance, it is evident that 
this intensity depends on the purity of the carbon, any 
remaining foreign substance becoming volatilized at a 



lower temperature, and interfering seriously with the 
iiitensity of the light. It is shown by the spectroscope 
that the whiteness and purity of the light depends, like 
its intensity, on the purity of the carbon ; and it is also 
found that the resistance of the arc is in the same ratio ; 
its resistance being at the maximum, and its conduc- 
tivity at the minimum, with the maximum of purity 
in the carbon. The distance between the carbons, as 
will be shown hereafter, is regulated automatically by 
this resistance, being shortest when the resistance ia 
greatest ; and the consumption of the carbon is, at the 
same time, at the minimum. Hence it follows that 
the highest economy of consumption, and the best light 
is attained with the greatest purity of the carbon. 

As the vapor residting from the volatilization of for- 
eign substances has higher conductivity than carbon 
vapor, there is often, witb impure carbons, a sudden 
lengthening of the arc and reduction of the light, caused 
by the consumption of this foreign material, the carbons 
automatically adjusting themselves to the reduced resist- 
ance, and again returning to their normal distance, and 
the light to its normal intensity and purity, when the 
foreign matter is consumed ; the net result being a 
flickering, unsteady light, varying from a short arc of 
inteu-se brilliancy to a long colored arc of perhaps one- 
fourth the brilliancy, and returning again to the intense 
white arc. 

Another serious defect is the lack of homogeueousness 
of structure, even witb purity of material ; the density 
at the ends may vary materially fi-om the density at the 
center, producing an irregular rate of consumption ; or 
dense carbon may be infiltrated throughout with soft 
carbon, the soft carbon consuming more rapidly, pro- 
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ducing numerous small ci-aters, and leaving ridges of 
hard carbon, resultiiig in a noisy, inconstant light. Car- i 
bons molded by side pi-easure are less liable to the first | 
defect — difference between the density of the ends and I 
center — than those molded by end pressure, and sub- ' 
sequently cut into lengths; and tlie latter method has 
been generally abandoned in favor of the former in 
American factories, as it was found impossible to apply , 
end pressure with proper uniformity. Carbons with the i 
cores injected into shells of greater density, bum more 
rapidly in the center tlian at the edges ; and hence the ' 
form of the crater is more perfect, and the liability to I 
the second defect — small craters surrounded by hard i 
ridges — is greatly reduced. This defect can also be i 
overcome by proper care in the preparation of the paste. 

Carbons require to be perfectly straight and eyliudri- i 
eal, and of perfectly uniform diameter from end to end; ' 
and those of the length required for the usual loug I 
periods of continuous consumption are liable to defects 
in one or more of -these respects in the various processes 
of manufacture. Good contact with the carbon holders, ( 
and proper alignment of the two carbons, is impossible 
with those of defective form ; and such carbons are a 
constant source of annoyance, no matter how great their 
excellence as regards purity and density. 

The electric resistance of the carbons is also a point 
of the highest importance, especially on a circuit having 
a large number of are lamps in series ; and here again 
the purity of the carbons becomes important, for while 
the resistance of the incandescent vapor which consti- 
tutes the arc increases with the purity of the carbon, as 
has been shown, the resistance of the carbons themselves 
diminishes ; the purest aud densest carbons having the 



'nwest resistance. Plating with copper, iron, or nickel, 
tor the purpose of reducing resistance, has been tried 
ivith varied success, also embedding iron wire in the 
ienter of the carbons. The principal objection to 
;opper ptnting is, that with tbe direct cnrrent, the 
tarbon of the negative rod is consumed more rapidly 
than the copper, leaving a copper fringe which casts a 
shadow ; but, notwithstanding this objection, it is gen- 
erally ad<)pted as the best means of reducing resistance. 
Carbons for lights not exceeding 1,200 candle-power 
do not require plating, while those for lights of 2,000 
candle-power and upwards are always plated. 

The ordinary length o? carbons, as already stated, is 
12 inches; but the diameter varies according to the 
strength of current and candle power of the light for 
which the carbons are intended, ranging from Via hich 
with a 6.8 ampere current, and a 1.200 candle-power 
light to Yis inch, with a 15 ampere current and a 3,000 
candle-power light. For a 2,000 candle-power light 
with a 10 ampere current, the diameter of the carbons ia 
Vi« to Vie inch ; while for exceptionally powerful lights, 
suuh as are required for lighthouses, and search lights 
on steamers, carbons exceeding an inch in diameter are 
required. 

The principle which underlies this is the ratio of 
molecular action to the mass of the carbon. If the mass 
ia too small for the amount of current, the molecular 
action is too much concentrated, and the carbon either 
wastes away by becoming heated through from end to 
end. or there ia an imperfect formation of the crater, the 
edges consuming too rapidly, allowing upward radia- 
tion, and consequent practical loss of light. But if the 
mass is too large for the current, the molecular action 
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is too much diffused, producing a dull red light in the 
outer portions of the carbons instead of an intense in- 
candescent glow; the point of the lower carbon also 
becomes too obtuse, causing too great lateral radiation, 
and a broad shadow underneath. With tlie proper pro- 
portions between the amount of cuiTent and the diam- 
eter of the carbon, the increase of iight is in the direct 
ratio of increase of diameter ; powerful lights requiring 
carbons of large diameter, while smaller lights require 
those ofless diameter. 

The Jablochkoff Elbctbic Candle. — Among 
the earlier methods of producing the electric light was 
the candle invented by Jablochkoff, a Russian military 
officer, in 1872, about iive years subsequent to the in- 
vention of the Gramme dynamo ; and its use had been 
continued up to a comparatively recent date, 2.500 of 
these candles being used in Paris for street lighting as 
late as 1880 ; and though finally superseded by better 
methods, it will always possess a historical interest on 
account of its success and popular! tj- in the early history 
of electric lighting. 

Its conatruction is exceedingly simple, consisting ol 
two carbon rods, each about 8.33 inches in length, and 
Yg inch diameter, mounted vertically, side by side, on a 
base, at about '/la of an inch apart, and insulated fi-ora 
each other by a composite substance, of which kaolin — 
porcelain clay — is the principal ingredient ; which also 
fonns an attachment between the carbons, and pro- 
duces the effect of the lime light as it consumes in 
connection with them. The candle thus formed is sup- 
ported on the base in a double spring clip through 
which the current enters, passing up one carbon and 
down the other, the upper extremities being connected 
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by a strip of graphite or otber carbonaceous Bubstance, 
wbicb acts as a primer through which the current 
passes to establish the arc, and is consumed in the 
process, the current being subsequently maintained 
through the are in the usual manner ; hence if, 
through accident, the light becomes extinguished, it 
cannot renew itself. 

As equal consumption of the carbons is an absolute 
necessity with this candle, it can be used only with the 
alternating current. Each candle lasts about an hour 
and a half; and lamps are constructed containing several 
candles, and furnished with apparatus by which the 
current can be changed automatically from a bunit-out 
candle to a new one, each having a separate connecting 
■wire ; while one common wire is used for the return 
current. Hence a lamp containing six candles furnishes 
light for nine hours. 

The required horse power on a circuit of five candles 
is 1,57 per candle, with ten candles 1.27, and with 
twenty candles .92 ; and the illumination of each light, 
without globe, 400 candle-power. It is evident that 
since the crater of the positive carbon, as well as the 
point of the negative, faces upwards, there must be, 
with this system, a great waste of light from direct 
upward radiation. The incessant variations of tint 
and brilliancy in the light, and the noise produced by 
the alternating current, has of late aided to bring this 
system, once so popular, into disrepute. 

The Jamin Electric Candle. — The loss of light 
from upward illumination with the Jabloehkoff candle. 
and the lack of means for relighting automatically 
when accidentally extinguished, led to the invention of 
electric candles free from these defects, among which 
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we find tlie Jamin candle, which is represented by 
Fig. 75. 

Two carbons, k k,, Y^ inch diameter, are suspended 
point downwards, and surrounded below by a ilat copper 
coil inclosed in a light case of copper foil, g g g g. 
which is attached to an . inBiilatiug slate, p p, through 
which the carbons pass. The carbons are inclined at a 
slight angle so as to bring their points together, k being 
fixed, while k^ is movable, and con- 
nected with a spring armature f by 
a pin S-, the armature being attached 
to the case below, and slightly sep- 
arated from it above. The coil is in- 
cluded in the electric circuit with the 
carbons; and when the current passes, 
the armature f is attracted, and k, 
separated from k by the pin s a suffi- 
cient distance to form the arc; the 
carbons, as consumed, being lowered 
by a wheel train inclosed in the tube 
shown above. Should the light be- 
come extinguished, the current being 
interrupted, the attraction of f ceases, 
E Slid the retractile force of the spring brings the points 
' of the carbons together, and renews the are. A glass 
globe attached to p p incloses the lower part of the 
apparatus. 

A pair of carbons lasts about two hours ; and lamps 
are constructed with several pairs, and an arrangement 
by which, as each pair burns out, it consumes a fine 
brass wire which releases a spring by which the current 
is instantly changed autonjatically to the next pair; 
80 that lamps constructed with three candles bum 




Fig. 75. 
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continuously for six hours without attendance, 
candle, like the Jablochkoff, requires the ■• 
current. 

The Sun Lamp. — This lamp, invented by Ciere 
and Bureau, is illustrated by Fig. 76, and combines in 
its construction the are and incandescent systems. To 
a metal frame g g is attached a block of marble or 
condensed magnesia, M M M, K to ?i inch thick, through 
which the carbons k k are transmitted, and by which 




alao they are insulated ; the form of the opening through 
which they pass being so shaped that as they slide down 
by their own weiglit, or that of weights attached above, 
as they are consumed, they are prevented from passing 
through; their points entering a cavity in which the 
light is produced. 

They are attached above to tlie conductors d, d, insu- 
lated as shown, and connected with the electric circuit 
L. L. A primer, connecting the points of the carbons, 
establishes the arc; after which, current is maintained 
through tlie block, which becomes a conductor by being 
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heated Ijetween the carbon points. The arc ia of 
exceptionally great length, varying from .89 of an inch 
to 2.36 inches . while, in the ordinary arc lamp and 
Jablochkoff candle, it is only '/jg to '/» o^ **" '"cli '" 
length. The luminous point is fixed, and the light 
remarkably steady. It has a yellow tint when marble 
is used, and is of great intensity; the light being largely 
due to the incandesocnce of the lime formed from tiie 
marble, while the magnesia block produces a white ' 
light. Marble blocks last for two lighting periods of | 
about ten horn's each, the durability being reduced by 
the heating and cooling with shorter periods. The ( 
carbons vary in length from two to twelve iuchesi i 
and last about ^fteen hours. 

The blocks vary in thickness, according to the re- 
quirements of the light, being made thinner for short ' 
circuits and strong currents than for long circuits and | 
cuiTenta of less volume and greater intensity. Those | 
made of condensed magnesia jire more durable than 1 
those made of marble, being capable of lasting a bun- , 
dred hours. 

The alternating current is preferred for this system, 
the lamp being closed to suppress the noise. The light 
is radiated downwards ; but upward or horizontal radi- 
ation can also be obtained, springs being used to push , 
the carbons. In another form of the lamp the carbons I 
are placed horizontally, and have a special device for 
automatic relighting. Tlie system is said to be eco- 
nomical, and the light, depending largely on the incaii- 
deaceuceof the marble or magnesia, but slightly affected, 
even by considerable vaiia-tious of current strength. 

Automatic Adjustmrnt of Arc Light CARBoNa. 
-- The automatic adjustment of the carbons is the maiD 
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point in arc lamp eoiistriiction, as upon this depends 
tlie production of tlie liglit, its renewal in case of ex- 
tinetjou, asiA, to a ca»Mdera.ble extent, its constancy 

and steadiness. This adjustment, consisting in separii- 
tion and ajiproach of the carbons, is operated and con- 
trolled by the electric current which creates the light, 
by various methods, as a train of clockwork, a break 
wheel or clutch operated bj an electro-magnet, or a 
solenoid. The applications of these methods are nu- 
merous, and have led to the invention of a great 
number of different lamps. If the adjustment of the 
eai'bons in a single lamp were the only requirement, 
the problem would be comparatively easy ; but the 
placing of a large number of lamps on one common 
circuit, and so regulating tlie resistitnce and the supply 
of current that each sliall furnish an even, steady light, 
without interfering with the others, is a far more intri- 
cate and difficult affair. Tliis regulation of a number 
of lamps on a common circuit is accomplished by the 
method originally proposed by Hefner von Alteneck, 
by which the regulating apparatus is placed in a shunt 
instead of in the main circuit; the shunt, which has a 
high resistance, causing the approach of the carbons, 
while their separation is produced by a coil of low 
resistance placed in the main circuit. 

The length of the arc is a very important matter. If 
too long, the intensity of the light, as well as its con- 
stancy and steadiness, is reduced, and the resistance 
abnormally increased. If too short, there is a decrease 
of intensity from iusufficient resistance, and a wastage 
of the current from too great conductivity, the light 
obtained being less than the current can furnish. The 
length of the arc must also be adjusted to the amount 
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of illumiuation for which the lamp is intended ; and it 
is found, that, for lamps of 1,200 candle-power, the most | 
practical length is about Y,g of an inch ; while, for those I 
of 2,000 candle-power, it should be about '/^ of an inch. 

The Foucadlt-Duboscq Lamp. — The first arc lamp j 
with automatic regulation was invented by Foucault, 
and subsequently improved by Diiboscq, and was con- 
structed with clockwork, operating by gearing; two | 
vertical racks being connected with the carbon holders, 
and controlled by an electro-magnet and opposing spring 
la such a way, that, while the spring tended to bring 
the carbons together, the current which produced the I 
light, passing through the electro-magnet, attracted an | 
armature which tended to separate them, the carbons j 
being placed vertically. The clockwork was operated i 
by springs which required to be wound like those of a 
clock. Either the constant or alternating current could ] 
be used, the feeding forward of the positive carbon | 
being proportional to its increased consumption with_ i 
the direct current. \ 

The Serrin-Lontin Lamp. — The construction off I 
this lamp, invented by Serrin, and improved by Lontin ^ 
will be understood from Fig. 77. 

The carbons, not shown, are placed vertically in the 
usual manner, and connected above with the holders n 
and Aj Ag, the upper -\- carbon with n, and the lower — 
carbon with A^ which niovea vertically inside of A|. 
A rack connected with n engages a gear wheel r to 
which is attached a wheel s, with which is connected a 
chain which passes over a pulley, and is attached to 

support (, connected with the holder \; hence, as n 
descends by its weight, it raises }i^, and the carbons 
Approach each other. 
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A frame, a h e d, hinged at o and c, but having a 
free vertical motion at the side l> d,ia connected with 
the clockwork by the gear wheel r^, and kept in equihb- 
riura by three spiral springs, two below and one above 
a transverse bar connecting it with the support t. A de- 
tent 2, attached to this frame, releases the gear wheel r, 
permitting the motion of the 
clockwork, which brings the 
carbons together as de- 
scribed, in consequence of 
which a slight lowering 
of the frame occurs, and 
the detent z stops the clock- 
work. An electro-magnet 
e, placed in circuit witii 
the carbons attracts an 
armature a, connected with 
the frame, when the current ' 
passes, drawing down the 
frame and the holder h^ 
connected with it, separat- 
ing the carbons, and estab- 
lishiug the arc. If the arc I 
becomes abnormally long, 
the increased resistance 
•educes the current, and lessens the attraction of the 
wmature, the springs raise the frame, pushing up the 
lower carbon, and the detent being at the same time 
released, the clockwork is put in motion, and the car- 
DOQs brought closer together. By this series of adjust- 
"lenta the arc is maintained at its normal length. By a 
"Crew 8| the pressure of the lower springs is so adjusted 
sa to produce the requisite equilibrium. By a proper 
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^^P adjustment of the gear wheel r and the wheel connected 
^^1 with it, the arc is adjusted to the required length. The 
^^m current may be either direct or alteruatiiig. 
^H The Beush Arc-Light Lamp. — Among the numer- 
^F ous excellent arc-light lamps which have been con- 

8tructed> the Brush may be selected as an example of 

simplicity, and adaptation to the purpose for which it 

was designed. 

Fig. 78 is an ideal illustration of the construction, 

from which it will be seen that the adjn&tment of the 




carbons depends solely on the attraction of a solenoid, 
without the intervention of clockwork or gearing. 
X and Y are the terminals of the electric circuit, K 
and K' the carbons ; the lower carbon holder, connected 
Avith Y, has a fixed position; while the upper holder, 

I connected with X, is free to move vertically. This 
movement is produced by the solenoids S, H', each of 
which is wound with coarse copper wire, and placed in 
the main circuit by connections at X. and Y. At the 
xi^'b of X are shown three branches, one extending 



to a resistance coil R ; and the other two, after being 
coiled ronnd the bobbins S, S', re-unite, as shown, and 
connect with the upper holder at N, the connection 
with Y being through the Ciirbons .S", K'. 

A shunt of fine copper wire, not shown in the cut, 
is connected directly with the terminals X^ and Y, so 
that the current through it does not pass through the 
carbons. This shnnt is coiled round the bobbins 
H^ R\ outside of the coarse wire, but iu reverse order, 
so that the current passes tiirongh it in the opposite 
direction, thus partially neutralizing the magnetic effect 
of the current traversing the coarse wire. The shunt, 
having a high resistance, carries about one per cent of 
the entire earrent ; bnt its coils being mnch more num- 
erous tlian the low resistance coils, their magoetic effect 
is proportionately increased. 

The carbons being in contact at the start, and the 
main current passing through them and through the 
low resistance coil, the corea of the solenoids are at- 
tracted, lifting the clutch C, which grips the edge of 
the loose washer IF, which being tilted at an angle, as 
shown, grips the upper holder, and lifts the carbon K^ 
forming the arc. The separation of the carbons in- 
ereaaes the resistance in the main circuit, and in like 
proportion the potential difference, or E. M. F., and 
hence the strength of the shunt current, which by 
its opposition to the main current reduces the magnetic 
attraction, and checks the ascent of the upper carbon 
when the are has attained its normal length. A reduc 
tion of resistance reverses these results, increasing the 
distance between the carbons. Thus, by the action of 
these opposing currents, the normal length of the arc 
IB maintained ; and this normal length may be adjusted 
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as required, by varjdng the relative resistances of the 
two circuits when the lamp is constructed; so that it 
be maintained at one-sixteenth of an inch, one- 
eighth of an inch, or any other length required by the ' 
candle power of the lamp. If a lamp becomes aeei- , 
deutally extinguished, the relative change of resistance 
in the two circuits operates to briug the carbons together. 
and the light is instantly renewed. Sudden fluctuations 
in this series of adjustments, which would produce a 
flickering, unsteady light, are obviated by connecting 
the armature of the solenoid and the upper carbon 
holder with pistons moving in tubes filled with glyce- i 
line, by which smoothness and steadiness are imparted 
to the movements. 

Fig. 78 shows also a short-circuiting apparatus by 
which, in case of a iamp from any cause becoming per- 
manently extinguished, it is short-circuited, so that the^ 
flow of current to other lamps on the same circuit is not. 
interrupted. This apparatus consists of a resistance coil, 
R, and an electro-magnet T, wound with coarse wire, 
placed in a direct open circuit between the terminals 
X and F, as shown, through the hinged lever B and 
armature A. In addition to this open circuit, there is 
also a closed circuit of fine wire, wound on the bobbin 
T, in the same direction as the coarse wire, and forming 
part of the fine wire shunt of the solenoids H, S", The 
ordinary current through this shunt, by which the lamp 
is regulated, is not sufficient to attract the armature A ; 
but if the lamp should happen to be permanently extin- 
jjuished, the resulting increaee of current strength attracts 
A, and closes the coarse wire circuit through the contacts 
M, M\ so that the main current flows past the eztin- 
^ished lamp to the other lamps an the eama ciroiiib 




Uj tutf^UDg the resistance of R, and the windings of the 
bobbin T, to the strength of the current, the requisite 
adjustment can be obtained. 

The carbons, twelve inches long, last about eight 
hours, about three-fonrtbs of the positive carbon and 
one-third of the negative being consumed. The lamps 
are usually constructed with either one or two pairs of 
carbons, but can be made with three or more pairs if 
necessary; and, by the simple device shown in Fig. 79. 
each pair is lighted in succession automatically when 
the pair previously lighted has burnt out. The frame 




K. which is connected with the solenoids, is adapted to 
two pairs of carbons. The clutch on the left is narrower 
than the one on the right; it consequently grips the 
washer TT' and lifts the carlwn -holder /i' before the 
right clutch c;in grip IT* and lift 5*; the current, which 
at first passes equally through both pairs of carbons, is 
now, in consequence of tlio separation of the left pair, 
dircrted through the right pair alone; the frame con- 
ttnaee to rise, the right pair are separated and the an 
established. 

The separation of the left pair is too great to admit ol 
tbe forn»at7on of tho arc; but when t\ie Vv^xV ^sm Ss. »« 



^B &r c< 
^P can t 
I loft 1 



a:\ts of electric i.igii 



&r consumed tbat the ligbt \s extinguished, and they 
longer be brougnt together for relighting, the 
left pur is brought into contact, and the aic re-estab- 
lished automatically, less than a second being required 








to renew the ligbt. Fig. 80 represents a single lamp, 
and Fig. 81 a double lamp; the controlling and regu- 
lating apparatus being inclosed in the circular case 
above tbe carbons. 
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Tiie eolenoid and clutch method of automatic regula- 
tion, variously modified, is now employed in mimeroue 
arc lamps befiidee the Brush ; the method with clock- 
work, or gearing, is also in common uBe; and the two 
methods are also sometimes combined. 

In the consumption of arc-light carbons, cones of hal 
to five-eighths of an inch in length are maintained on 
Hoth carbons, that of the lower carbon being pointed, 
while that of the upper carbon is truncated, the crater 
occupying about one-third of the diameter. As these 
cones are incandescent, light is radiated from a spuce, 
including the arc, of an inch or more in length, while 
the actual distance to which the carbons are separated 
is only one-sixteenth to one-eighth of an inch: the in- 
t'lLiidescence of the upper -|- carbon is more intense, and 
jields much more light, than that of the lower — carbon. 

The Inclosed Abo Lamp. — This lamp, which came 
into commercial use in 1S95-G, differs from the lamps 
ilready described by having its arc inclosed in a glass 
bulb about the size of a small lamp cliimney, and usually 
of similar shape, its central diameter being about twice 
the average diameter of its ends ; it is also made eylindrio 
in shape. It is usually opalescent, but sometimes trans- 
parent; and is inclosed in a large, opalescent globe, 
which may be open, or nearly closed if the lamp is in- 
fer ootdoor use. 

bulb is nearly air-tight, being closed below by 
'lower carbon-holder, and above by a close-fitting 
metal cap through whieh the upper carbon passes ; the 
only opening being a limited space around this carbon, 
Bnfflcient to allow its vertical movement without friction. 
Hence the carbons burn in partly deoxidized air, charged 
with carbonic dioxide, and consequently at a very slow 
Wtoof combnstion, their average durability being about 
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125 hours, or fifteen times as long aiTtltat of the opeai 
arc carbons. 

The regulating apparatus is siiiiilar to that in otlier arc 
lamps, the upper carbon being moved by a solenoid and 
clutch. Tlie supply of current is regulated by a resit^t- 
ance eoil, usually placed in the upper part of the lamp, 
but sometimes at some other conveniently accossible point 
in the circuit. The volume of current is about five 
amperes, which is aliout Imlf that employed in open arc- 
lamps, and the E, M. F, is about 80 volte, or nearly 
twice, that in open arc lamps. As a result of this, the 
inclosed arc is thinner and nuich longer than the open 
arc, and gives nearly an equal quantity of light, of 
clearer quality. Its average length is fonr to five time« 
the average length of the open arc. Hence tlie shailon's 
of the carbon points, which interfere seriously wiili the 
radiation of the light from the open arc, are scarcely per- 
ceptible with this arc ; and these points, instead of being 
cone-shaped, with a crater in the npper point, burn 
nearly flat, without a crater. 

The carljon dust is entirely consumed in this lamp, 
and the fonnation and estyipe of sparks is prevented; 
hence it is much cleaner for indoor use than the oi>eu arc 
lamp, and involves no increase of fire risk and conse- 
quent rate of insurance. Tim cost of carbons is about 
one-fifteenth that for the open arc lamp, and the cost of 
attendance about one-third, daily trimming and renewal 
of carbons not being required. This amounts to an 
annual saving of $12 to %\5 per lamp, a very material 
item where a number of lamps are in use, as in a large 
store, besides the saving of inconvenience and annoyance 
caused by the lamp trimmer's daily visit. The light ia 
steadier and more uniform in distribution tliaii that of 
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tlie open arc ^iiip, and tliere ia no fluali and congequenl 
waste of current when tlie lamp ia liglited. 

These lamps are intended cliieliy for indoor use, but 
<-a.n also lie cmitloyed for street lighting, and may event- 
ually enpereede the open arc lamps for both purpoeeB, 
when their superior advantages are fully realized. They 
eaU be used with either the series or parallel systems 
of distribution described in chapter X, though chiefly 
intended for the latter, and on tlie same circuit with 
open arc lamps, or incandescent lani^is. 



CHAPTER VIM. 
The Incandescent Lamp. 

While the arc lamp is well adapted for lighting large 
areas requiring a powerful, diEFuaed light, similar to 
sunlight, and hence is suitable for outtloor ilium i nation, 
and for workshops, stores, public buildiugs, and facto- 
ries, especially those where colored fabrics are pro- 
duced, its use in ordinarj' dwellings, or for a desk light 
in ofGces, is impractical, a softer, steadier, and more 
economical light being required. Various attempts to 
modify the arc-light by" combining it with the incandes- 
cent were made in the earlier stages of electric lighting, 
among which was the sun lamp already described; 
besides this, Reynier"a lamp, invented in 1877, was the 
most successful. Its construction is briefly as fol- 
lows : — 

Reynier's Lamp. — A carbon rod impinges on the 
circumference of a circular block of carbon which has 
a rotary motion on its axis. The rod, 12 inches long 
and i/ia of an inch in diameter, is attached by a horizon- 
tal support above to a brass holder which has a free 
vertical motion in a brass tube placed on a level with 
the carbon block, and by its weight keeps the rod as it 
is consumed in contact with the block. The rod is 
guided in its descent between a small copper roller on 
one side and a short pointed carbon on the other, the 
current entering the rod through this point at about 
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^{^ of an inch above its contact with the carbon block, so 
that this short portion becomes incandescent, and pro- 
duces the light. A brake connected with the carbon- 
holder and block by a horizontal support regulates 
the descent of the carbon rod ; and the rotation of the 
block, produced by the pressure of the rod as it de- 
scends and is consumed, removes the ash and slag, A 
rod lasts about two hours, and furnishes a light of 114 
to 150 candle-power. But the ratio of light produced. 
to electric energy consumed does not exceed Ye of that 
produced by the arc light, and the carbon rod is liable 
to break and extinguish the lamp- 
Various improvements in this lamp have been 
attempted, such as the substitution of a copper block 
for the carbon block, also of shorter and thicker rods, 
less liable to fracture, and of several rods lighted auto- 
matically in succession, also of springs or clockwork for 
gravity in maintaining the contact of the carbons ; but 
none of these semi-incandescent lamps have come into 
general practical use, though their efficiency in propor- 
tion to electric energy consumed was greatly increased 
above that of the Reynier lamp, so that an efficiency 
three times as great in proportion to consumption of 
energy as that of the strictly incandescent lamp, is said 
to have been attained ; and it is possible that such effi- 
uiency may ultimately be attained as to bring this 
system into general use. 

Early Experiments. — The first strictly incandes- 
cent lamp was invented in 1841 by Frederick de 
Molyens of Cheltenham, England, and was constructed 
on the simple principle of the incandescence produced 
by the high resistance of a platinum wire to the pas- 
s^e of the electric current. In 1049 P^trie employed 
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iridium for tlie same purpose, also alloys of iridium and 
platinum, and iridium and carbon. In 1845 J. W. 
Starr of Cincinnati first proposed the use of carbon, 
and, associated with King, his English agent, produced, 
through the financial aid of the philanthropist Peabody, 
an incandescent lamp ha"ving twenty-six lights, which 
attracted the attention and excited the admiration of 
Faraday. The advantages of carbon over platinum 
consist in its greater electrical resistance, which is 
two hundred and fifty times that of platinum ; its 
absolute infusibility, even at very high temperatures ; 
its lower thermal capacity, by which the same amount 
of heat produces a much higher temperature ; and its 
greater illuminating power at the same temperature as 
platinum. 

In all these early experiments, the battery was the 
source of electric supply; and the comparatively small 
current required for the incandescent light as compared 
with that required for the arc liglit, was an argument in 
favor of the former; twelve Bunsen elements being suf- 
ficient to produce twelve incandescent lights in one cir- 
cuit, as demonstrated by DeChangy of Paris, in 1867, 
while twenty-four to forty elements were required to 
produce a single arc light. Still, no substantial prog- 
ress was made with either system till the invention of 
the dynamo resulted in the practical development of 
both systems, that of tlie incandescent following that 
of the arc. 

Among the firet to make incandescent lighting a 
practical success were Sawyer & Man of New York, 
and Edison. For a long time, Edison experimeuted 
with platinum, using fine platinum wire coiled into a 
^iral, BO aa to concentrate the heat, and produce 
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incandescence; the same current producing only a red 
lieat when the wire, whether of platinum or other 
metal, is stretched out. A metal rod, placed inside the 
coil, was so arranged that when the temperature 
approached the point wheve the coil was liable to 
fusion, the expansion of the rod closed a short circuit, 
which reduced the current strenjith, and consequently the 
temperature: the contraction of the rod produced by the 
cooling, opened this circuit, and increased incandescence 
followed. 

Failing to obtain satisfactory results from platinum, 
Edison turned his attention to carbon, the superiority 
of which as an incandescent illuminant had already 
been demonstrated ; but its rapid consumption, as shown 
by the Reynier and similar lamps, being unfavorable to 
its use as compared with the durability of platinum 
ami iridium, the problem was, to secure the superior 
illumination of the carbon, and reduce or prevent its 
consumption. As this consumption was due cliiefly to 
oxidation, it was questionable whether the superior 
illumination were not due to the same cause, and 
whether, if the carbon were inclosed in a glass globe, 
from which oxygen was eliminated, the same illumina- 
tion could he obtained. Another difficulty of equal 
magnitude was to obtain a sufBciently perfect vacuum, 
and maintam it in a hermetically sealed globe inclosing 
the carbon, and at the same time maintain electric con- 
nection with tlie generator through the glass by a 
metal conductor, subject to expansion and contraction 
different from that of the glass, by the change of 
temperature due to the passage of the electric current. 
Sawyer & Man attempted to solve this problem by filling 
the globe with nitrogen, thus preventing combustion by 
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elimiaating the oxygen, and at the same time maintain- 
ing a pressure equal to tiiat of the external atmosphere, 
that the leakage by the expansion and contraction 
of the metallic conductor -would be insignificant. 

The results obtained by this method, which at one 
time attracted a great deal of attention, were not suf- 
ficiently satisfactory to become practical ; and Edison 
and others gave their preference to the vacuum method, 
and sought to overcome the difficulties connected with 
it. The invention of the mercurial air pump, with its 
subsequent improvements, made it possible to obtain a 
sufficiently perfect vacuum, and the diflSenlty of intro- 
ducing the current into the interior of the globe was 
overcome by imbedding a. fine platinum wire in the 
glass, connecting the inclosed carbon with the external 
circuit; the expansion and contraction of the platinum 
not differing sufficiently from that of the glass, in so 
fine a wire, as to impair the vacuum. 

Incandescent- Light Carbons. — The next point 
of greatest importance was to obtain carbons of the 
proper consistence, tenacity, and durability; and this, 
as in the ease of arc-light carbons, required a long series 
of delicate and costly experiments with a variety of 
materials, treated by a variety of different processes. 

The Edison Carbons. — The carbons made by 
Edison under his first patent in 1879, were obtained 
from brown paper or cardboard, cut into narrow strips 
ill the form of a horse-shoe, which was about 2 '/^ inches 
lung, and Vj^ inch in diameter. These were reduced 
to carbon in an iron mold placed in a muffle, and 
maintained at a high temperature. They were very 
fragile and short-lived, and consequently were soon 
abandoned. In 1880 he patented the process which. 
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with some raodificationa, he still adheres to. In this 
process he uses filaments of bamboo, which are tiikfiii 
from the interior, fibrous portion of the plant. The 
cane, after being cut into sections of the required 
length, and the hard outer surface removed, is split and 
whaved down into flat strips, which are then pressed 
between dies, and fine filaments of the required length 
and diameter obtained. These are placed in molds 
made of nickel, in grooves of the required horse-shoe 
form, and closed so as to exclude the air. The molds 
are then placed in muffles, and the filaments carbonized 
at a very high temperature. They are then attached 
to their platinum wire supports by electro-copper- 
plating, and introduced into the little lamp globes. 
The lamp is then attached to a Sprengel airpump, and 
during the pi-ocess of exhaustion the filament ia alter- 
nately heated and cooled by au electric current; the 
temperature being gradually raised by increase of cur- 
rent strength after each cooling, till a high degree of in- 
candescence is attained. This removes all the occluded 
gases which remain after the carbonizing, and renders the 
carbon homogeneous, elastic, and refractory at a high 
degree of temperature. As this is a far more severe 
test than any to which the carbon will be subjected in 
use, all imperfect and defective carbons are destroyed 
in the process, and only the best survive. 

The Lane- Fox Carbons. — In the manufacture of 
the Lane-Fox carboiis the raw material ia obtained 
from the bass broom, a species of grass fiber. The 
hard outer surface is removed by immersion in a solu- 
tion of hot caustic soda or potash, and subsequent 
scraping, after which the alkali is removed with boiling 
water, and the fibers, in lots of about a hundred. 
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bound to blocks of plumbago, shaped so as to give them 
the horse-shoe form. These blocks, in lots of fifty, are 
imbedded In powdered charcoal in graphite crucibles, 
placed iti a furnace, and subjected for twenty minutes 
to a white heat. The fibers, after being carbonized in 
this manner, are gauged and sorted, and all of the same 
diameter placed together, after which they are sus- 
pended separately from spring clips by attachment at 
the ends, in large globes filled with a hydrocarbon gas 
obtained from benzole or coal, and subjected to the 
process termed fi ashing, first proposed by Sawyer. 
This process consists in rendering the filaments incan- 
descent, either by the passage of an electric current, or 
by the heat of a furnace, the latter being the method 
adopted in the Lane-Fox process. The gas in contact 
with each filament being decomposed, a layer of hard 
carbon is deposited, which renders the filament denser, 
smoother, more homogeneous, more durable, and more 
uniform in size ; the smaller parts becoming hotter than 
the larger, and thus acquiring a thicker deposit. The 
increased diameter reduces the resistance, and the pro- 
cess is continued till the resistance required for lamps 
of a given candle-power, ranging from sixteen to sixty, 
is obtained. 

The Cettto Carbons. — These are made by using 
as a base a fine platinum wire bent into the horse-shoe 
form, upon which the carbon is deposited by the flash- 
ing process. This is effected by attacliiug the wires, 
placed in a long glass vessel, to insulated metallic sup- 
ports, by which an electric current can be sent through 
each of them. A current of oiefiant gas, C^ H,, circu- 
lates through this vessel, the gas being made from 
alcohol and sulphuric acid, purified by passing through 
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water and lime water, and dried by calcium chloride 
and sulphuric acid, thus furnishing a gas of pure hydro- 
carbon. The platinum wires are connected with a 
shunt circuit so that an electric current passing through 
them can be graduated to any required strength by a 
resistance varying from one ohm to two hundred ohms. 
The wire being heated to incandescence in this manner, 
the gas is decomposed, and carbon deposited. To 
insure a uniform deposit, it is necessary to guard against 
the influence of the earth's magnetism by placing the 
wires in a plane at right angles to that indicated by 
the dip of the magnetic needle; and in the latter part 
of the process the current is revei'sed. This operation, 
which requires about two and a half hours, produces a 
filament remarkably compact and homogeneous, and 
uniform in cross-section and resistance. Special care is 
required to maintain uniformity in the successive stages 
of the process, otherwise the result is a filament of dis- 
similar superimposed layers of carbon, lacking homo- 
geneity, and practically worthless. 

The Swan Carbons. — These carbons are made 
from cotton twine, prepared by immersion in sulphuric 
acid diluted with one-third part water, by which they 
attain a consistence similar to that of parchment ; they 
are then thoroughly washed to remove the acid, reduced 
to a uniform cross-section by being passed through 
discs, after which they are wound on rods of carbon or 
earthen ware, each in the form of a flat spiral having 
one convolution, and carbonized by being imbedded hi 
powdered charcoal in a crucible raised to a white heat. 
They are subsequently coated with carbon by the fiasli- 
ing process, and, like the Edison carbons, lieated and 
Woled alternately by the electric current to remove 
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the occluded gases, while inclosed in the globe dnring 
its exhaiistioQ. Each filament, when finished, is 5 inches 
long and .005 of an inch in diameter. 

The Weston Carbons. — The raw material used 

for these carbons is cotton or linen cellulose, which by 

the action of nitric and sulphuric acids ia converted into 

nitro-cellulose — gun cotton — which is subsequently 

A- . »n dissolved in a mixture of alcohol 

I I J and ether and converted into col- 

J t i ^ I lodion, and finally has its combus- 

'^ ^^^% tibility reduced by the action of 

ammonium hydrosulphide or other 

chemical agent producing a similar 

effect. 

This artificial product, which 
Weston calls " Tamadine," ia an 
amber-colored, amorphous cellulose 
of great ductility, tenacity, and 
homogeneousness. It is rolled into 
thin sheets between steel rollers, 
and filaments of the sizes required 
■ for lamps of different candle-power 
^^ ^ are cut from the edge of the sheet, 

^'*— .^^"^ bent on shapes into the horse-shoe 

'^' ■■ form, carbonized in the usual manner, 

and flashed in hydrocarbon gas by the electric process. 
The carbons when finished are highly elastic, and have 
a smooth brilliant surface like that of a steel watch- 
spring. 

The Behnstein Carbons. — These are made from 
silk ribbon of the finest texture, woven into a hollow 
cylinder of the required size, from which sections of the 
prnper length are cut, which are immersed in a thick 
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syrup of cane sugar till suturated, and subsequently in 
melted paraffine ; they are then bent on shapes into the 
horse-shoe form, placed in graphite molds of the same 
shape and imbedded in graphite powder, and baked for 
twenty-four hours. The subsequent flashing process is 
the same as that for the Laue-Fox carbons. This fila- 




ment showing the woven structure, is illustrated by Fig. 
32, and two of the lamps by Fig. 83, one with a short 
lilament, giving it low resistance, and the other with a 
long lilameot, giving it high resistance. 

These are the only carbons made from an animal 
substance, and with a hollow structure ; and the advan- 
tage claimed for this structure is increase of surface, 
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and consequently of radiating capacity with a given 
degree of resistance. 

Geneeal Details op Filament Construction. ' 

— More or lees of the details of the various processes 
of manufacture are trade secrets, as in the ease of arc- 
light carbons ; and in some instances the whole process 
is kept secret, as in the manufacture of the Siemens- 
Halske and also of the Woodhouse-Rawson carbons. 

As the length and diameter of the filament determines 
to a great extent its electric resistance and illuminating 
power, it varies according to the E. M, F., current, and 
kind of carbon employed, so that exact figures can not 
be given. The Swan filament, as we have seen, is about 
6 inches long and .005 of an inch in diameter, and may 
"be taken as representing approximately the average 
dimensions required for the ordinary 16 candle-power 
lamp. 

The shape of the filament varies, the horse-ahoe form , 
being the most common; the Swan filament, adopted A 
also for the Brush lamp, is a fiat spiral, as already I 
mentioned, while the Maxim resembles a capital M | 
with the angles rounded off. The Sawyer-Man filament ' 
resembles a figure 8. Fig. 84 shows an Edison lamp, I 
and Fig. 85 a Weston, both with horse-shoe filaments; 
and Fig. 86 a Weston with corrugated filament. 

The cross-section of the filament is also a point of 
considerable importance, determining not" pnly its 
strength in resisting jars, concussion, and high temper- I 
ature, but also its illuminating power. As the rectiin- I 
gular form gives greater surface than the circular with 
the same cross-section, the illumination with a given 
length is greater, but ims caji ue compensated in the 
circular form by increasing the length ; this increases 
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the resistance, and consequently the E. M. F. without 
increase of current. Hence the same ilhiminatiou can 
he obtained from the round filament as from tlie rect- 
angnhir with greater economy of current. The hollow 
circular fihiment, like the Bernstein, gives the maxi- 
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Pig. 85. 



mum of surface with the minimum of substance in 
crosa-section, and hence, as we have seen, the maximum 
of il!umination with the minimum of resistance, and 
also the maximum of strength in proportion to Biih- 
stance and resistance. Hence, if reduction of resist- 
aiiee in proportion to strength and illumination ia 
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desired, either the rectangular or the hollow circular 
forni is pr^rable ; but if increased resistance in pro- 
portion to strength and illumination is desired, the 
■solid circular form with increased length is preferable. 

The filament is in all cases made largest at the points 
of attachment, either in the form given previous to 
carbonizing, or by the subsequent deposition of carbon 
on the extremities, or their insertion into small perfo- 
rated carbon cylinders. This is necessary for the pur- 
pose of better attachment to the ]iliitiumu wires, but 
more especially to reduce the resistance, and hence the 
strain on the filament at the points where the current 
enters and leaves, and to increase the strength where 
liability to fracture is gi'eiitest. The attachment of 
the filament to the piatiuntu wires is accomplished by 
different methods; that of the Edison, by copper plat- 
ing, has been already mentioned. The Lane-Fox fila- 
nients are cemented into short carbon cylinders, to 
which also the platinum wires are similarly attached 
with a cement made of India ink and pliimhagri. The 
attachment of the Cruto filaments is effected by their 
insertion into tubes formed on the ends of tJie platin.um 
wires, and the subsequent deposition of carbon by the 
electric process on these junctions. The Weston fila- 
ment terminates in carbon cylinders, nickel plated, each 
about ^/jg of an inch in length and Y3J of an inch in 
diameter, around which are wound in spirals the 
flattened extremities of the platinum wires. This 
method is also used with tho Bernstein filaments, and 
is attributed to VV. Siemens, 

The average duiubility of filaments is estimated at 
from 600 to 1,000 hoiir^ or from 2i to 4 months, 
with an average ns<.' of from eif^ht to nine hours a 
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' day. While there k no actual cunsnmptioD such as 
occars with arc-light carbons, there is a certain amount 
of wastage cansed by the incandescence and residual air, 

infinitesimal particles of carl>on being given off, in thp 
torm of vapor, and being attracted to the glass in con- 
sequence of the difference of potential between it and 
the tilanieiit, adhere to the sides of the globes, producing 
a certain degree of blackening. 

It has been observed by Edison that with flie direct 
enrrent this wastage is greater in one half of the 
filament than in the other. This may be accounted 

, for by comparing the positive and negative halves of 
the filament to the positive and negative carbons of an 
arc-light pair ; and since the consumption of the posi- 
tive carbon by its electric conversion into vapor is far 
in excess of that of the negative, the same process, 
which we may reasonably assume occurs in the filament 
on a very limited scale, and proceeds from the same 
cause, will account for this unequal wastage. It is 
also well known that the durability of the filament is in 
proportion to the perfectioji of the vacuum, the residual 
air producing slight oxidation during incandescence, 
which, as in the arc light, would be greatest on the 
positive side. 

But, besides the reduction from wastage, the intense 
molecular action during incandescence, the alternate 
heating and cooling, and probably also a certain species 
of electrolysis, which has been observed in solids as in 
liquids, reduce the structni'al tenacity, and are the chief 
ciiuses which eventually result in the rupture of the 
filament. This is further shown by the fact that its 
durability depends largely on the amount of current 

Lemployed. Increased current produces increased light. 



but shortens the (Im^ability, and it becoiiies an impor- 
tant ecouomic prublom to determine just what amount 
of current to employ with filaments of a given size 
and resistance, especially a& the rupture of the fila- 
ment practically terminates the life of the lamp, since 
tilanients cannot, like arc-light carbons, be replaced 
with new ones in the same lamp, on account of the 
hermetical sealing and exhaustion of the globe. 

Since the wasting of the ti.lameiit results not only in 
the conversion of luminoas carbon to the black deposit 
which obstructs the light, but also in increase of resist- 
ance by rednetion of the filament's cross-section, and COD- 
eequent decrease of current strength, and heuee of illu- 
mination at the same potential, the practical value of the 
lamp usually ceases long before the rupture of tlie 
Blament, and its further nse ceases to be economical. 

Lamps of high illuminating power, 100 to 200 candle- 
power, are coostriicted either with filaments of propor- 
tionally increased cross-section, or with two or mora 
filaments connected in parallel. In the latter construc- 
tion, the rupt'ire of a filament, thouiih proportionally 
reducing the light, does not extinguish the lamp, as in 
the single filament construction. Lamps of 16 to 32 
candle-power, for railway service, are also sometimes con- 
structed with two short filaments connected in series, the 
length of each, and the risk of filament rupture by the 
jarring of the cars being thus proportionally reduced 
without reduction of resistance. 

Taking three of the leading incandescent systems, as 
fairly representing the best practical experience in this 
method of electric lighting, we find that the E. M. F. of 
the ordinary 16 candle-power lamp ranges from 52 volts 
to 115, and its current strength from .46 of an ampere to 
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1.04 ; the averages lieins 90.83 vulta, am] .65 nf an 
ampere, which gives 3.69 watts per candle-power as tlie 
average consumption of electric energy. It is found Ihai- 
the flaslied tilaments are the most durahle, and give, on 
an avei'age, a third more light than those not so treated. 




Fig ST. 



CON3TRUCTION OF THE INCANDESCENT LaMP. — As 
tjie main features of the incandeacent lamps are very 
aimWav, we may take the latest Weston 16 candle-lamp. 



Pigs. 85 and 86, as a fair sample of their construction. 
The glass globe, or bulb, is about 3 y^ inches long by 
2'/i inches in diameter. The filament of the horse- 
Bhoe form is attached to the platinum wires, as already 
described ; and these pass through two little tubes, as 
shown in Fig, 87, at the inner closed end of a hollow 
glass stopper fitted to the neck of the bulb, the glass 
being fused round them. The neck is wide enough to 
admit the filament into the bulb without compression ; 
«iid, after its introduction, the glass is fused around the 
stopper. A short glass tube projects fi-om the broad 
end of the bulb, through which the air is exhausted 
I'rom ihe interior; after which it is fused, thus sealing 
the globe hermetically, 

The outer end of the tubular stopper is fitted with a 
wooden insulating plug, which has a central projection 
about three-eighths of an inch long and one-fourth of 
an inch in diameter, through which a copper wire, con- 
nected with one of the platinum wires, passes, and is 
(ittaehed to a brass screw at its outer extremity ; while 
a copper wire from the other platinum wire connects 
with a metal washer attached to the broad part of the 
plug, so that the wires are insulated from each other. 
A brass collar, connected to the neck outside, fits into a 
brass tube about two inches long and one inch in diam- 
eter, connected to the bracket or chandelier. In this 
tube are two metal springs, — one of which terminates 
in a washer, which slips over the projection of the insu- 
lating plug, and makes contact with the metal washer 
on the broad part; while the <ither makes contact with 
the screw at the extremity of the projection. These 
springs are insulated fi'om each other, and connected, 
with the electric circuit, so that the current &om one 



I must pass through the filnment to reach the other. 

I The circuit is opened and closed l>y a hinged metal con- 

I tact piece, operated by an insulating handle ; the clos- 
ing being effected by the prewsnre of this piece against 
1 pair of springs so connected witli the springs already 
mentioned as to complete the circuit, and the opening 
!iy a reverse turn of the handle, which breaks the coi- 
tact, so that the lamp is lighted , or extinguished by a 
quarter turn of the insulating handle, like a gas jet. A 
lozenge-shaped piece of metal attaehed to the handle, as 
shown, presses down the hinged contact piece to close 
;he circuit, and holds it in position, and a spiral spring 
lifts it when released, and opens the circuit, the whole 

1 apparatus being inclosed in the brass tube mentioned 
above. 

The lamp bulb is held in connection with this tube, 

t «nd inclosed apparatus, by little projections on the brass 
C'llhtr attached to its neck, which slip into a groove 
in the lower end of the tube ; bo that when a filament 
breaks, it is but the work of a moment to remove the 
defective bulb and replace it by a new one, the only 
loss being the bulb and filament, the other apparatus 
remaining permanent, and the connections with the 
new bulb taking place by contact^ without further 
manipulation, as soon as it is placed in position. 

It will be seen from Figs. 88 and 89, which represent 
different styles of the latest Swan lamp, that the method 
of mounting the lamp, and connecting it with the elec- 
tric circuit, is essentially tlie same as that of the Weston 
and Edison, as shown by the description and illustra- 
tions already given; the bulb with its inclosed fihimcut, 
platinum wires and connections, and brass collar, form- 
ing one part ; and the brass tube to which it is attached. 
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as Bhown, containing the apparatus for opening and 
closing the circuit by an insniating handle, forming the 
other part. This apparatus may be varied indefinitely, 
its construction being a mere matter of meclianica! detail. 

PoBiTioN OF Lamp. — This lamp does not require a ver- 
tical position, like the are lamp, but may be placed in any 
position most convenient for the radiation of the light. 

Vacuum Tube Lighting.— Tliia method of electric 
lighting ia still in the experimental stage, but promises 
in the near future to come into practical use, and may 
eventually supersede ineandesc^ent lighting. The light 
is generated by electric action producing molecular move- 
ment iu the residual air contained in glass tubes or bulbs, 
without interior filaments or electrodes, in which a high 
vacuum has been produced. Three different methods 
have been devised, by Teala, Edifiou, and Moore, respect- 
ively. 

Tesla uses an ordinary lamp bulb with platinum wires 
Bealed into the neck, and connects it with an induction 
coil of special conBtruetion, operated by an alternating 
cnrrent of very high E, M. F. , made disruptive by a 
toothed wheel interrupter. The light may also be pro 
duced by bringing this lamp within the inductive influ- 
ence of the coil, witiiout direct connection. 

Edison uses a tube having platinum wires sealed into 
its ends and coated inside with a special fluorescent 
material which does not disintegrate and thus reduce the 
vacuum. This tube when connected with an induction 
coil traversed by a rapidly intermittent electric current, 
is lighted hy a fluorescent effect produced on this inner 
coating by the residual air. 

Moore uses a long tube which may be folded into any 
compact, ornamental form, and coats the ends and a een- 
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tral epace externally with metallic paint, on which are 
"Wrapped wire terminals. The central terminal is con- 
nected with a source of low potential cnrrent, and the 
end termiualB with one of high potential current which 
traverses a primary coil and is made intermittent hy a 
Tibrator of special constniction. 

This vibrator is inclosed, with its contact points, in a 
glass tube of high vacunm, under which is placed the 
attracting electromagnet which operates it. Hence the 
spark which occurs at break, at the contact points of an 
ordinary vibrator, and is caused by the resistance of the 
air traversed by a portion of the current, is suppressed 
by the absence of air in this tnbe, and the consequent 
complete intermission of the cnrrent; and the electric 
energy which would be wasted by the spark is applied to 
tlie production of the light. There is also a saving of 
electric energy in the employment of a primary coil in 
preference to an induction coil; so that the energy 
required for this lamp does not exceed that employed in 
the ordinary incandescent lamp. 

The end terminals are of equal area and potential, and 
may be of the same polarity or of opposite polarities, and 
the central terminal may be of either polarity ; difference 
of polarity being apparently of no importance, while 
difference of potential between the central and end term- 
inals is of the highest importance. 

In each of these lamps, the whole interior glows with 
a white, phosphorescent light, having but littie heat; 
and the lamps, being without filaments or interior elec- 
trodes of any kind, are practically indestructible. So 
tliat the long sought desideratum of an indestructible 
lamp, giving light without heat, seems about to be real- 
ized. 





Electric Stokage. — When water is decomposecf 
by an electric current, and the gases collected in sepa- 
rate receptacles, if the connection with the hattery be 
severed, and the wirea leading to the gas tubes brouglit 
into contact, a current of electricity will flow through 
them iu the reverse order to that of the original cur- 
rent, the gases at the same time recombining to form 
water. From which it is evident that the electric 
energy expended in decomposing the water is stored 
up in the gases, and recovered when they recombine. 
Oxygen accumulates at the positive pole, and hydrogen 
at the negative ; and in order to collect the gases, 
platinum terminals for the wires are required, since 
the oxygen unites with the terminal, if composed of 
any of the baser metals, and appears in the combined 
form of an oxide instead of the separate form of a gas. 
But experiment proves that electric energy is also 
stored up in the oxide when so formed, and may be 
recovered from it. 

Observation of these facts by Gautherot and Ritter 
in the early part of the present century, indicated the 
possibility of storing electricity so as to obtain a con- 
tinued ctu'rent similar to that from the battery, instead 
of the instantaneous discharge obtainable from the 
Leyden jar, or the condenser. On this principle Grove, 
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in 1842, constructed a gas battery, using at first oxygen 
and hydrogen collected in glass tubes with platinum 
electrodes', but subsequently various other gases, and 
finally plates covered with peroxides of metals. Nu' 
inerous other attempts to accomplish this were made 
from time to time by Wheatstone, Siemens, Kirchoff, 
and others, but without any practical result till about 
1859, when Gaston Plante, a French electrician, began 
A course of experiments for this purpose, which resulted 
in the discovery that lead plates could be so prepared, 
electrically, as to produce the desired result, by allow- 
ing the oxygen, as it ncciiniulates at the positive pole, 
to combine with the lead of a plate provided for 
that purpose, and form a peroxide (PbO^), while the 
hydrogen accumulates on a similar plate at the nega- 
tive pole. Aud on this principle he constructed hia 
secondary cell. 

Plante's Secondary Cell. — This cell was origi- 
nally constructed with two plates of sheet lead, sepa- 
rated by strips of gutta-percha; one sheet being laid 
over the other with two gutta-percha strips between 
them, and two more laid on the upper sheet, as shown 
at A, Fig. 90. They were then rolled together and 
clamped, giving them the compact form shown at B, 
a strip of lead being left attached to one corner of each 
sheet in cutting, by which connection could be made 
for charging and discharging. The sheets, rolled to- 
gether in this manner, wexe placed in a tall jar of glass 
or hiird-rubber, containing water mixed with ten per cent 
of sulphuric acid ; the jar being litted with a hard-rnbber 
cover provided with binding screws, to which the con- 
necting strips were attaeUod, and also clamps for hold 
ing wires to show the heating eiTiicts of the discharge. 
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The next step was the electrical preparation of the 
plates, which was accomplished by charging them with 
B battery of two or more cells, one cell being insuffi- 
cient to overcome the resistance from polarization. 
The current was continued till the oxygen evolved 
at the positive pole ceased to combine with the lead, 
and was given off as gas. The cell was then discon- 
nected from the battery and discharged, by making 
connection between its electrodes, and a fresh charge 
given in revei-se order, and continued as before until 




^pis was given off. This process was continued for 
several months with intervening periods of repose, 
during which the cell remained charged; and the time 
of charging was increased from a few minutes on the 
first day, to several hours subsequently. In like man- 
ner the periods of repose were increased from hours to 
weeks and months. 

Chemical Reaction in the Plantb Cell. — 
To understand the object of this treatment, it is neces- 
sary to examine the chemical reactions which take place 
in connection with the electric action. It will be 



I 



232 THE ELEMENTS OF ELECTRIC LIGBT/ffO. 

noticed that three distinct periods are required in this 
process : the period of charging, of repose and of dis- 
charging, during each of which a distinct chemical re- 
action occurs. During the charging, as already stated, 
peroxide of lead collects on the plate connected with the 
positive pole, and hydrogen on the one connected with 
the negative. But at first only a thin film of the per- 
oxide is formed, and a small amount of hydrogen col- 
lected, and the absorption of the gases soon ceases. 
The plates are then discharged, and during the discharge 
the peroxide, which is insoluble in sulphuric acid, is 
reduced to monoxide, PbO, which is immediately re- 
duced to sulphate of lead, PbSO^, by the acid present 
in the solution ; while the oxygen atom, taken from 
the peroxide, unites with the lead on the opposite plate, 
forming monoxide, which, in turn, is reduced to sul- 
phate. 

The result of the fii'st discharge, then, is a thin film 
of the sulphate on each plate. The plates are then 
charged in reverse order, and the sulphate on the plate 
now connected with the positive pole is reduced by the 
oxygen to peroxide, while that on the opposite plate is 
reduced by the hydrogen to spongy lead, which adheres 
to the plate in a finely divided condition. As each 
subsequent charge, after discharge and reversal, pro- 
duces the same result, each coating continues to increase 
in thickness ; and the spongy lead affording increased 
facility for the formation of the peroxide, the chemical 
reaction proceeds more rapidly. 

But tlie increased thickness of the peroxide soon in- 
terposes a strong resistance to this reaction, hence a 
period of repose previous to the discharge becomes ne- 
«eBsary ; and during this period local action, as it ia 
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called, takes place. This consists in the reduction of 
the peroxide to sulphate from the reaction of the sup- 
porting lead plate ; the metallic lead having a atrong 
affinity for oxygen, the peroxide parts with one atom 
of its oxygen, which unites with the lead, and the re- 
sulting monoxide is immediately reduced to sulphate by 
the acid. 

The chemical reaction of the discharge may now be 
inore fully considered. Its result, as has been shown, is 
the formation of sulphate of lead on both plates ; and this, 
sulphate, lying next to the plates, forms a resistance- 
which impedes local action, which, as shown above, 
takes place during the period of repose. If the dis- 
chai^e is rapid, there occurs not only a reduction of 
peroxide to sulphate on the one plate, but also a reduc- 
tion of u portion of the sulphate on the other plate to 
peroxide through an excess of electrolytic oxygen ; and 
this reaction tends to reduce the difference of potential, 
and to produce electric equilibrium. 

But during the period of repose, this pei-oxide, being 
limited in quantity, and in close contact with the 
spongy lead, is rapidly reduced to sulphate ; while the 
original peroxide coating on the other plate, from its 
greater thickness and the resistance of an excess of sul- 
phate, is reduced much more slowly. Hence, there is a 
partial restoration of the original difference of potential, 
which accounts for the renewal of electric energy man- 
ifest in a partially discharged cell after a period of re- 
pose. These various chemical reactions result in ai> 
increased thickness of the peroxide deposit with eacl> 
charge, while an increased thickness of spongy lead re- 
mains on the opposite plate after each reversal; and 
when the process has been continued long enough to 
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produce a sufficient thickness of each coatiug for a 
practically serviceable cell, the alteniute charging and 
discharging with reversal is discontinued, and the cell, 
being ready for use, is always thereafter charged in the 
Banie direction. 

Each discharge, as shown, produces sulphate on both 
plates, but the oxygen generated ou the plate connected 
with the positive pole reduces the greater part of the 
sulphate on that plate to peroxide; while the remaining 
portion, being in immediate contact with the plate, 
tends to preserve it from further disintegration. When 
the cell is put into practical use, these chemical re- 
actions continue, the same as during the forming pro- 
cess, sulphate being reduced to peroxide by each charge, 
and peroxide to suiphate by each discliarge; and the 
electric energy varies as this reaction, and ceases when 
the chemieiil affinities are satisfied. 

The electric energy of the secondary cell, tjien. like 
that of the primary, is dependent on chemical reaction, 
the difference being that in the primary cell chemical 
reaction, with the generation of electricity, takes place 
spontaneously on the completion of the circuit, and con- 
tinues indefinitely, for months or years often in well- 
constructed cells ; while in the secondary cell the elec- 
tric energy must first be supplied from an external 
source, and the action, both chemical and electrical, is 
limited and definite, dependent on the amount of elec- 
tric charge given. 

It does not appear that Plants himself fully under- 
stood the nature of the chemical reactions which take 
place, but proceeded on his practical observation of 
results; and it was not until 1882 that the chemical 
reactiouB producing these results were discovered by 




the English electriciaiia, Gluilstone iiiid Tribe, and 
described substantially aa here given. 

A cell prepared in this way has a maximum E. M. F, 
of about 2.54 volts, and a variable resistance of half an 
ohm or less. When fully charged, it gives for several 
hours a current of varying constancy, dependent on 
the external resistance to be overcome, after which the 
cniTcnt rapidly declines. 

The Plante Battery. — With a battery of these 
cells. Plants used a conmratator by which they could 
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ioBtantly be joined cither in parallel or in serieB. Fi(j, 
91 represents sucli a battery, composed of twenty 
eel [s. 

The comnmtator is placed above, and is constructed 
with a cylinder of hard-rubber, wlilch can be revolved by 
the milled head B. To this cylinder are attached, on 
opposite sides, two brass strips equal to it in length, 
against which press 40 brasa springs, 20 to each strip, at- 
tached to opposite sides of a hard-rubber support, placed 
underneath the cylinder, as shown. These springs are 



connected by conductors with the buttery electrndea 
below; all the electrodes intended to be of one kind 

■ being connected with the springs on one side, while . 

[' those intended to he of the opposite kind are connected 
with the springs on the other side ; and thus the cells 
ire joined in parallel. 

iictween each opposite pair of springe, a brass pin 
passes through the center of the hard-rnbber cylinder, ai" 

I right angles to the strips; the ends projecting slightly. 

[ as shown in the figure. By a quarter revolution of the 
cylinder the contiict of the springs is changed from 
the strips to the pins, and each opposite pair of springs 
electrically connected, while insulated from all the 
others : and thus each positive electrode is connected 
through the springs and pin with the negative electrode 
of the adjoining cell; the connections with the springs 
being so arranged alternately as to produce this result, 
and thus join the cells in series. 

For charging, Plante joined the cells in parallel, 
and thus obtained a very low resistance, so that two 
Bunsen cells furnished a current of sufficient strength. 
But for discharging, he joined them in series, and oli- 
tained a maximum current equal to that of thirty large 
Bunsen cells. But as the battery was not a genenitnr, 
but an accumulator, it could only return the electricity 
which it had received less a certiiin percentage of loss 
from leakage, which Plants estimated at about ten per 
cent; and as it was used chiefly for such laboratory 
experiments as the heating of short wires, the extermil 
resistance being very low, the discharge was proper- 
lionally rapid, and hence the strength of the current 

, quickly declined, the maximum being maintaiaed for 

I only a few seconds. 
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• 'Such was the original battery of Plants ; an inven- 
■ iaon of the highest importance when regarded in the 
light of subsequent development, bearing the same 
relation, in this respect, to secondary batteries that 
Volta's does to the primary, but of very limited prac- 
tical value, and, previous to 1880, scarcely more than a 
laboratory instrument. But it demonstrated several 
"very important facts: 1. The practicability of con- 
structing a storage battery, which could give, for even 
a limited time, a continuous and very powerful current, 
far in excess of that by which the charge was given. 
2. That lead was especially well adapted for the elec- 
trodes, and water, acidulated with sulphuric acid, for 
the electrolyte. 3. That peroxide of lead was the best 
material for the positive plate, and spongy lead for the 
negative. Its principal defect was the tedious and 
expensive process of preparing the plates, a defect fatal 
to the practical use of the battery. 

Faure's Secondary Cell. — About 1880, Camille 
A. Faure, another French electrician, constructed a cell 
similar to Plant^'s, in which he substituted plates pre- 
pared by a mechanical process for those prepared by 
the electric process. His method consisted in coating 
their surfaces with a paste of red lead (minium, PbgO^) 
and sulphuric acid, which, when subjected to electrio 
action, was rapidly reduced to peroxide on the one 
jilate, and spongy lead on the other. After this coat* 
ing was applied, it was covered with paper, and each 
plate then enveloped in felt, to retain the coating 
on the surface, and to insulate ihe plates from each 
other. They were then rolled together and placed in 
the acidulated water in the cell, and subjected to elec- 
tric action with reversal ; and in a few days the cell 
^us read/ for use. 




CuEMiCAL Reaction in tbb Fauee Cell. — The 

ohemical reaction in this cell, as described by Glad- 
stone and Tribe, is very similar to that in the Plaut£, 
but differs in the preliminary stage. The minium on 
the plate connected with the positive pole is reduced 
in part to peroxide by the absorption of two atoms of 
electrolytic oxygen, which, being added to the four 
oxygen atoms of the minium, make the oxygen atoms 
I double those of the lead ; PbgO^ + O^ ^ S PbO^. But 
I the sulphuric acid reduces part of the minium on this 
plate, as well as on the opposite plate, to sulphate ; and 
this sulphate on the opposite plate is, in turn, reduced to 
epongy lead by the hydrogen, as in the Plants cell. 
The reduction of minium to sulphate by the acid is as 
follows: PbgO^ + 2 HjSO^ = PbOj + 2 PbSO^ + 2 HjO. 
The great advantage, then, of the Faure cell over the 
Plants, consists in the rapid reduction of minium 
instead of the slow reduction of metallic lead, thereby 
greatly reducing the cost. This cell, when subjected 
to practical tests, was found equal in energy to that of 
PlantS's, and it received the sanction of electricians of 
the highest standing, while its cheapness and facility 
of construction commended it at once to popular favor. 
The invention of the dynamo, too, having greatly 
reduced the expense and increased the facility of elec- 
tric generation, the great problem of the supply of 
electric energy, at economical rates, for general use as 
an illuminant and a motor, was apparently solved, since 
the electricity generated by the dynamo could be stored 
in the battery, to be transported and used wherever 
required for the propelling of ears or boats, the opera- 
tion of light machinery, and the illumination of dwell- 
ings and o£Sces. 
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Faults op the Faukk Cell. — But the new cell 
soon developed serious faults, which had to be overcome 
before these ends could be realized. The coating eouid 
not be made to adhere to the surface with proper uni- 
formity, but sloughed off partially, and collected in a 
mass at the bottom of the felt envelope. The space 
between the plates being entirely filled by the felt, 
the free circulation of the electrolyte necessary to the 
proper action of the cell was impossible ; and the felt,, 
becoming corroded and partially removed in spots by 
the acid, soon ceased to act as an insulator; short-cir- 
cuiting ensued, and the cell became worthless. But 
the rapid preparation of the plates by mechanical 
process was a very important step in advance of the 
slow electric process of Plants ; and while the disap- 
pointment at the failure of the battery was as great as 
the enthusiasm with which its first appearance was 
hailed, electricians, confident of ultimate success, still 
worked patiently to overcome the faults which had 
been developed. 

The Improved Faurb Secondary Cell. — The 
various improvements of Swan, Sellon, Volekmar, 
Shaw, and others, from 1880 to 1886, resulted in pro- 
ducing the improved cell shown in Fig. 92. It is made 
of (liEfereiit sizes, and with a variable number of plates, 
according to the purpose for which it is intended, the 
style liere shown being the 23-plate stationary ceH, having 
11 positive plates and 12 negatives, — those plates being 
known as positive which are counected with the positive 
pole in charging, and from vphich the external current 
flows in discharging, and the others being known as nega- 
tive. Each set is attached to a lead ci-oes-bar above and 
at the ciiuter, hy which the plates are held at afixed dis- 
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taiice apart ; the two sets interlocking, so that positive 
and negative plates alternate and are insulated from eac)i 
other \>j two rows of hard-riililier forks. Each plate is J 
«f «n inch thick, and the apace between adjacent, poeitivi 
ami negative plates, /^ of an inch wide ; and the two out 
Bide, negative surfacee being inactive, each set has 22 \x>- 

I terior, active surfaces. 

A thick plate of glass, under the central eross-bar and 
plate connections on each side, supports the plates, so 
as to leave a space underneath for tlie free circulation of 
the fiuid; each set being supported, on its opposite side, 
-by plate projections which rest on an insulating hard- 
■rubber strip above each cross-bar as shown; two stout 
rubber bands holding tliese supporting plates and the 
lower parts of the lead plates in position. A lead bar, 
projecting from the cross-bar of each set, can be bent 
.into any convenient position for making connection with 

I adjoining cells. 

I These plates are iiiimersed in water acidulated with 
36 per cent snlplmric acid, contained in a glass jar lOJ 
inches long, 8J- inches wide, and 9| inches high ; tlie 
entire weight of jar and contents being 50 lbs. 

The glass jar has the advantage of allowing inspefr ' 

I tion of the interior without disturbing the contents, hy 
■which the condition of the plates may be observed, and 
ishort-circuiting from the buckling of plates or the lodg- 
ing of loose paste plugs between them remedied ; ha* 
\ts comparative frailty and weight are objections to its 
use for the portable cello required on ears and else- 
where. Hence a portable cell of tlie same capacity and 
number of plates is constructed with a covered, hard- 
rubber jar, made shorter below than above 
lurnish supporting ledges for the plates at the opposite 



THE STORAGE BATTERY. 



ends, which take the place of the glass supporting pliites 
emplojed in the stationary cell. The weight of this 
cell is 40 lbs., its height about the same as that of the 




stationary cell, and its other dimensions about one 
fourth less. ■ 

The 15-plftte stationary cell has 7 positive plates, each ^ 
of an inch thick, and 8 negatives, each ^ of an inch thick. 
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set As the formation of the negatives requires a 
much longer time than that of the positives, litharge 
is preferred for them, being far more rapidly reduced 
than minium, which is used for the positives. But this 
difference of material compensates only partially for 
the difference in time ; the negatives requiring six days 
for the reduction of the litharge to spongy lead, while ■ 
the positives require only twenty-four hours for the re- 
duction of the minium to peroxide. But the use of 
the dummies preveiits any inconvenience which might 
arise from this source, and renders the old process of 
revei"Bal uuiiecessary. After the plates have been 
formed in this way, they are partially discharged before 
shipment, and require to be properly charged when the 
cells are completed and ready for use. 

Electho-Motive Force, Resistance, and Cur- 
rent OF Cell. — The average E. M. F. of the cell is 
about 2 volts, its internal resistance from .001 to .005 
of an ohm, and its working capacity 300 ampere-hours. 
The current varies with the external resistance, aud the 
rate of discharge can be regulated by this resistauce. A 
medium rate gives the most satisfactory results, and is 
found to be the most economical. Hence, while a cui-- 
rent of 300 amperes can be obtained and the cell dis- 
charged in an hour, snch a rate is wasteful, and would 
soon injure the plates ; while with a 30-ampere current 
the cell will do efficient work for 10 hours, without 
waste or injurious results. 

it has been shown that the electric energy obtained 
by the discharge depends on the coincident chemical 
reactions, and that these reactions require time for 
their normal development; hence if the discharge is 
too rapid there will be abnormal chemical reaction with 
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corresponding waste and injury. For the same reiison, 
a medium rate of charging which allows sufficient time 
for the complete chemical reduction of the gases is the 
most economical ; while with too rapid a rate, a portion 
of the gas escapes and is lost. The same result follows 
, from overcharging, though in either case there is no 
t injury to the plates, since there is no excess of chem- 
ical reaction as in discharging. As a result of 
the charging, a residua! amount of gas adheres to the 
plates, oxygeu ou the positives, and hydrogen on the 
negatives, which does not enter into chemical combina- 
tion ; this increases tlie initial E. M. F. of the discharge 
to 2.25 volts ; but as this gas is soon reduced, the E. M. 
"F. falls rapidly, bo that at the end of the fii'st half hour 
it is about 2.04 volts, after which it remains nearly con- 
stant for several hours, gradually declining to two 
volts or less. When the cell is nearly discharged, the 
decline becomes very rapid, and if the discharge is eon- 
tinned when this stage is reached, permanent injury to 
the plates is the result ; hence the discharge should be 
P stopped when the E. M. F. falls much helow two volts. 
I CAt:sE OF Buckling. — Buckling is a result of the 
formation of sulphate in dischai'giiig, producing un- 
equal expansion. If it were possihle to obtain jierfect 
uniformity in the material of the plates and in the solu- 
tion, so that the expansioQ in discharging, and the con- 
traction which follows in charging, should be uniform, 
buckling could not occur. But, like every other species 
of warping, it is a result of want of uniformity, either 
I in the mateiial, or in the action to which it is subjected, 
Y or in both. The acid, frona gravitation, becomes denser 
in the lower part of the cell, and this affects both the 
chemical reaction and electric conductivity, both of 
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which are greatest when the acid. is most dense; and 
obaervr.tion on buckled plates sliows a curving from top 
to 'jotiiom, steadily increasing downward. But buL-k- 
ling (..oes not interfere with the action of tlie cell until 
it has proceeded far enough to produce short-circuiting, 
by bringing plates into contact, or displacing jjliigs ol' 
paste. 

The pressure of the hard-rubber forks tends to 
prevent buckling and to maintain evenness of sur- 
face, keeping all the piatea everywhere at equal dis- 
tances apart; while the rubber bands, by their elasticity, 
keep the preBsnre uniform, so that if buckling occurs, 
it is likely to affect all the plates equally, in whicli 
case short-circuiting cannot occur. The rubber bands 
and forks have also the very important qualities of 
being good inaulatora, and practically indestructible in 
the acid. 

Variable Resistance of Electrolyte. — The 
expansion of the plates while discharging is the result 
of the absorption of aulplmrio acid to form the sulphate, 
and the acid absorbed in thia way during the discharge 
is restored during the charging; from which it is evi- 
dent that the conductivity of the electrolyte is subject 
to continual variation ; steadily increasing during the 
charging until the full proportion of acid is restored, and 
declining during the discharge as the acid is absorbed ; 
consequently the internal resistance of the cell varies 
inversely in the same ratio, and hence the necessity of 
the large percentage of acid used, that the resistance 
during the discharge may not become so great as to 
lessen the practical efBciency of the cell ; as a smaller 
percentage would be liable to entire absorption before 
the termination of the discharge, leaving only water, 
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which has a very high resietance as compared with that 
of dUuttt acid. 

Too large a percentage of acid is also detrimental by 
producing an excess of sulphate, and conseqneut buckling 
of the plates daring the discharge; so that the proper 
proportion to be need is of great practical uaportance, 
and the 36 per cent, already mentioned, seems to give 
the best practical results. 

The Ameeioan Cell, — This cell is constructed with 
plates of pure rolled lead, eacli ^ of an inch tliick, with 
grooves cut on both surfaces, aa shown in Fig. 94, in 
perspective at A, and in cross section at E. Hard rub- 
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her separators, made as shown at C, insulate the pK 
from each otlier when assembled in the cell. The active 
material is contained in the grooves, and formed from the 
plate itself by electrochemical action, as in the Plante 
cell, hut hy a much shorter process, t!ie nature of which is a 
business secret, but which requires only two days for the 
complete formation of lead peroxide in the positives and 
apoDgj lead in the negatives. This material, being 
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formed from the pure lead of the plate itself, is perfectly 

liomogeneouB tlirougiiout, and lienee is claimed to be 
more dm-able aud efficieut tlian when fonned from ap- 
plied lead oxides, liable to differences in quality, as in the 
Faure plates. 

The plates are assembled in the cell,as shown in Fig. 
95, positives and negatives 
alternating, are bound to- 
gether with stout rubber 
banrls, and electrically con- 
nected by transverse lead 
bars soldered to clamps on 
the upper edges, and are 
immerseil in a fluid com- 
posed of one part sulphuric 
acid and five pails water. 

The cells complete, with- 
out 4uid, range in weight 
from 4 pounds to 120, and 
in external size, from 3i 
cubic inches to 2000, 
The Chloride Accomctlatok. — The plates of this cell 
are about -^ of an inch thick, and are constructed with 
small disks, which are fixed in a mold, and melted lead, 
alloyed with a small percentage of antimony, forced in 
around them under strong pneumatic pressure, producing 
a dense structure free from air holes. The disks for the 
positive plates are made of lead tape, grooved crosswise 
on one sm-f ace, and formed into flat rolls ; the grooves 
producing lioles, or pores, through the disks which are 
softened and rendered more porous by immersion for 
a few minutes in nitric acid. The edge is concave, 
that the disk is larger at the surface than at the center, 
mm^ therefore Jield in tlio p\fl,le WVc a. TVJeV, 
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The disks for the negative plates are made of a mix- 
ture of lead and zinc chlorides, fiined together and cast 
ill molds; and are convex at the edging, and hence 
smaller at the surface, than at the center, and therefore 
held in position by the inclosing surfaces of the plate. 

The negative plates are electrocheiuically formed by 
being placed, for two days, in a solution of ziuc chloride, 
in contact alternately with zinc plates. The combination 
acting as a primary liattory, removes tlie chlorides from 
the disks, leaving in them only highly porous, pure lead. 

The plates of both kinds are then assembled in a tank 
containing dilute sulphuric acid, each kind being con- 
nected together outside the tank by a conductor, alter- 
nating with the other kind in position, and insulated 
from them ; and are subjected for some days to the action 
of a dyuamo current, flowing constantly from the posi- 
tive to the negative set, by which lead peroxide is formed 
from the lead tape composing the disks of the poative 
plates, the spongy lead composing the disks of the nega- 
tive jjlates remaining unchanged. 

They are then placed in the cells, the positives being 
inBulated from the negatives, which alternate with them, 
by separators of hard rubber which have circular con- 
tact knobs on both surfaces and inclose each positive 
plate at two points; and dilute sulphuric acid being 
added, the cells are ready for use. 

Ddeabilffy of Stobage Cklls. — Manufacturers usu- 
ally guarantee for the positive plates a durability of one 
year, in constant practical use, with a normal current. 
The negatives are far from durable, not being subject to 
oxidation; and unless injured by buckling, last for an 
indefinitely long periud. 




We have seen, in the preceding chapters, how elec- 
tricity may be generated, measured, accumulated, and 
made to produce light. It now remains to he shown 
how it may be distributed from the generator to the 
lamps. 

In small installations — as in the lighting of a sijigle 
store, factory, or office building — distribution is com- 
paratively easy: but, with increase of area and of the 
number of lamps, the difGcultiea increase; so that dis- 
tribution over a large area in a town or city, from a 
central station, by means of conductors placed on poles 
or in underground conduits, supplying current to nu- 
merouB consumers under varying conditions, accurately 
measuring the amount of current consumed by each, 
guarding against wastage of current, and against dan- 
ger to life and property from its effects, is a problem 
in electrical engineering of the greatest intricacy and 
magnitude. 

Aro-Light Distbibution". — The methods of distri- 
bution for the arc light and the incandescent light are 
essentially different. As each arc lamp consumes a 
large amount of current, while the amount consumed 
by each incandescent lamp is comparatively small, the 
number of lamps fed by a given supply of current must 
vary in like proportion, and the means of distribution 
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must he sucli as to furnish the proper amount to each 
witliout wast-age. A len-anipere current required bv 
an arc lamp, for example, would supply twenty incandes- 
cent lamps of i an ampere each. Hence, it is found 
most practical and economical to adopt tlie series sys- 
tem of distribution in arc lighting, and the parallel in 
incandescent lighting. But arc lamps, especially for 
indoor lighting, are often installed with incandescent 
lamps on a parallel circuit ; and as the E. M. F. reqnired 
by tliem is much less than that required by the incandes- 
cent lamps, while the volume of current is much greater, 
the E. M. F. is reduced by passing the current through 
a resistance coil, at each arc lamp, and the volume of 
current increased by the comparative low resistance of the 
arc lamp. lueandeeeent lamps of large candle-power 
may be installed vrith arc lamps on a series circuit, but 
the difference between tlie two kinds, in E. M. F. and 
current volume, makoa such installation undesirable. 

In both systems the E. M. F. or voltage of the 
dynamo, and the resistance of the circuit, are the fac- 
tors which govern the supply of current, and the chief 
fundamental principles on which every installation is 
based, copper being always used for the conductors. 
I Sbribs Installation. — Fig. 96 gives a good general 
' idea of an arc light installation; L, L, L, representing 
the lamps in series, and D the dynamo, series wound. 
with its + and — poles, as marked, from which the 
direction of the current can be ascertained. The posi- 
tion of the wires is a mere matter of convenience. 
They may be led through a building in any direction, — 
through or along walls, ceilings, or floors, — provided 
that proper insulation is maintained, and proper pre- 
Kcaution against dangerous proximity to inflammable 
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substances or to the occupants. In such an installation 
the full current, leaving the dynamo at -}- and return- 
ing to it at — , passes through every lamp in the series. 
This current is maintained at a certain constant strength 
required by the construction of each particular style of 
lamp, and determined by the E. M, F. of the dynamo, 
and the full resistance of the entire circuit, including 
the dynamo, the lamps, 
and the conducting 
wires. The strength 
of current required 
varies greatly, ranging 
from ten to twenty 
amperes for series in- q 

stallations in the vari- c ^J- ^ 

ous leading arc light 
systems. Assuming a 
15-iimpere current to 
be required by the 
ten lamps shown in 
Fig. 96, and that each 
lamp has a resistance 
of 3 ohms, the dynamo Fig. DG. 

a resistance of 5 ohms, 

and a mile of No, 6 B. & S. wire, required for the circuit, 
a resistance of 2 ohms, then (10 X 3) + 5 + 2 = 37 
ohms the entire resistance, and 37 R X IS C ^= 555 E, 
Hence, such an installation would require a 555-volt 
dynamo, each of the ten lamps requiring 55.5 volts. 

Hkfner VON Altkneck's Regulator. —Each lamp 
ill such a circuit is provided with a shunt similar to that 
used with the Brush lamp, as described on pages 180- 
183, by which constancy of current is maintained under 
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change uf resistance. This construction, which varies 
iu different systems, was first introduced by Hefner voq 
Alteneck, as mentioned on page 177, and will be readily 
understood from Fig. 97. The line L divides at i; the 
upper branch, comj)oaed of fine wire, being the ahunU 
and iucludiLg the fine wire coil 7?, reunites with the 
main line £j at the lower carbon holder h, thus passing 
round the lamp ; the lower branch, composed of coarse 
wire, and including the coarse wire coil fl,, is connected 



with the lever c c., near its fulcrum d, the arm c, con- 




necting with the carbon holder «, and c with the 
rod 8 », the weight of the rod counterbalancing that of 
the carbon and holder. This branch is thus connected 
directly with the lamp, reuniting with the main line at 
b. When the carbons A, Aj, are in contact, and a current 
passes, it divides at i in proportion to the respective 
resistance of each branch; the stronger current going 
through the coil R, and carbons k, k^, to the line L^ ; 
rod g « is drawn down by the greater attraction pro- 
duced by the stronger current through the low resist- ' 
mice coil My the upper carbon K is lifted, and the aro 
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The lighting of flie arc increases the resistance of the 
lower branch, and in like proportion the potential differ- 
ence, or E. M. F., hetween L and Zj ; and the strength 
"f the current in li being increased by this increase of 
E. M. F, in the same ratio as that of ^i is diminished 
by the increased resistance, the descent of the rod s a is 
cheeked by tlie opposing attraction of the coil J2. The 
are is thus maintained at its normal length by the oppos- 
ing attractions of the two coils ; any tendency to viiria- 
tion of length in the arc tendiiig to produce correspond- 
ing variation of the relative corrent strength in the 
opposing coils. 

It is evident that by varying the amount of wire in 
either coil, or changing its position with reference to 
the depth to which the rod a s penetrates, any required 
adjustment of relative strength in attracting the rod may 
be obtained. 

The term differential is nsed to designate lamps con- 
etructed in this manner. Without some such construc- 
tion, it would evidently be impractical to place lamps in 
series, as any variation of current strength in one lamp 
would affect every lamp in the series, producing continual 
flnctufltion of the light, whicb would increase with the 
number of lamps; and if one lamp were extinguished, 
the interruption of the current would extinguish all the 
others; while the extinguishing of a differential lamp 
diverts the entire current through an automatic cut-out, 
similar to that of the Brush lamp, already described, by 
which an extinguished lamp is entirely eliminated from 
the circuit, anil the full current permitted to flow to 
the other lamps; the constancy of the current at a 
given strength being maintained by the various devices 
already described in connection with dynamos. 



This ideal representation of an arc-light instalhition 
, IB intended to embrace the leading principles which 
I govern every such installation, while in their practical 
» application they are modifled according to the require- 
I ineiits of each particular system. The number of lamps 
[ ill one circuit fed by a single dynamo varies from one 
[ to fifty, or more ; and the resistance, electro-motive 
I force, current, candle-power, and methods of regulation, 
I are numerous, and differ widely in the various systems. 
The dynamo is almost exclusively the direct current, 
r series wound machine, the alternate current dynamo 
' being seldom used now for arc lighting. 

In distribution to an extended area from a central 
fiatntion, in both arc and incandescent lighting, large 
I conductors are used for the main leads, composed often 
^ of copper wires twisted together as a cable, to give 
the required flexibility combined with size. In large 
cities the mains, properly insulated, are usually reqiured 
to be placed in underground conduits of lead or iron 
pipe, the iron being usually laid in the earth under the 
pavement, while the lead are inclosed in sub-ways, pref- 
erably of a composite insulating material, into which 
they can be drawn without disturbing the pavement. 
Branch circuits from the main line, and connected with - 
it in series, extend into stores, oflice buildings, and 
, fectories; and the consumption of current is estimated 
I hy the number of hours light is required, and the size 
and number of lamps; a, nietlind which becomes the 
more practical since the lamps require daily attention 
' by an expert, for renewal of carbons. 
\ Numerous independent main circuits extend fi-om 
[ Itti'ge central stations, fed by powerful dynamos; the 
raH/jiter of dynamos tunning simultaneously varji:ig 
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accoriling to the amount of light required at different 
periods during each twenty-four hours, thirty to forty 
being often in operation at the same time in one room. 

Incandescent Light Disteibution. — Incandes- 
cent lighting, as already stated, requires the parallel 
ayatem of distribution. 

The difference between this and the 
series system will be understood from Fig. 
98, Between two main conductors ex- 
tending from the dynamo, are placed, io 
piirallel, several short lines connecting 
with the lamps, the current being thna 
divided among the lamps in proportion 
to theii' number and resistance, while in 
t!ie st'rits system the entire current passes 
through every lamp. This method is com- 
mon to botli the direct and alternating cur- 
rent systems, which in other respects are 
80 radically different, especially in their 
methods of distribution, that it is impor- 
tant to consider each separately. 

The Direct Current Sy.stem, — 
The dynamo in this system has usually Fig. ya. 
an effective E. M. F. of about 100 volts, 
after allowing a small percentage for loss in dis- 
tribiitiou; it is either shunt wound or compound 
wound, so that the current which goes to the lamp 
circuit is either wholly or partially independent of that 
which passes through the field-magnet coils, and hence 
the resistance of this dynamo in the circuit is far less 
than that of the series wound machine, in which the 
« entire current pusses through tho.ie coils. 

As the main conductors are required to carry a very 
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lai^e current, they are proportionally large j the cross- 
aection varying in proportion to variation of length, 
and number of lamps to be supplied, in order to equal- 
ize the resistance, and maintain constancy of cun'ent; 
it may be less than half a square inch, or exceed twelve 
square inches. As a fair illustration of the required 
aize, it may be stated that the cross-section of a cable 
reqirired to carry a current sufficient to feed 5,000 16 
candle-power lamps, at a mean distance of 4,000 feet 
from the dynamo, would be about 12,57 square inches. 
But as the current divides at each short parallel liue, 
the size of the main condnetors ia proportionately re- 
duced as they extend ; while these short lines on which 
the lamps are placed, require only single wires of about 
No. 14 or 16 gauge. 

The resistance of the leading mains is, of course, 
very low; and the fall of potential between the dy- 
namo and the lamps, due chiefly to this resistance, 
varies usually from 2 '/j to 10 per cent. To reduce 
this loss so as to raise the potential at the lamps to a 
certain given percentage, without change in the effi- 
ciency of the dynamo, the cross-section of the mains 
must be increased in proportion to the square of the 
increase required in percentage; and as this must evi- 
detitly make a great difference in the amount of copper 
required, this percentage becomes a very important 
factor, requiring careful cjilculation in every installa- 
tion. 

The resistance of the lamp, on account of the fine- 
ness and length of the carbon filament, is far in 
excess of that of the arc lamp; and tlie tilament when 
cold has nearly doable the resistance of the heated 
filament through which a full cnrreut is passing; heasa 



tlie cold resistance of the circuit, when the current is 
first turned on, is far in excess of the subsequent hot 
resistance. 

Pakallel Installation. — From these data we can 
form an ideal estimate of an installation arranged as 
in Fig. 98. If we suppose all the short parallel lines 
removed except the upper one with its lamp, or, what 
is practically the same, all the lamps except the upper 
one extinguished, the arrangement would not differ 
materially from that of an arc-light circuit having a 
single lamp; the entire current passing through this 
lamp, and its strength being determined by the effective 
E. M. F. of the dynamo, assumed to Ije 100 volts, 
divided by the entire resistance, iiiclndiii^ as before that 
of the dynamo, the conductors, and the lamp. Estimat- 
ing the resistance of the dynamo and conductors at 1 
ohm. and the hot resifitiini'e of the 16 candle-power fila- 
ment at 199 ohms, we liave an entire resistance of 200 

J lOO^ , 
ohms, and KF^p^ a ^^ ampere, the current strength. 

Bnt if two lamps be lighted, we furnish two paths of 
equal resistance, instead of one, between the mains, 
and reduce the filament resistance in the same ratio; 



XR + 



imR 201^ 



= lOOJ ohms. And since the frac- 



tion in this case is practically insignificant, it may be 

neglected, and we have - ^ „ = 1 ampere, the entire 

current strength, which, being equally divided between 
the two lamps, gives each ^ an ampere as before. 

For any small number of lamps the resistance varies 
inversely and the entire current directly as the number 
lighted, and the current per lamp remains practically 
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eoHBtaiit, as shown, buiug equally divided amoiip t!ie 
entire number lighted. !Biit as the resistance of the 
dj'namo and circuit reuiaina constant while that of 
the tilamenta variea, it_iB evident that in the lighting 
of any eonsiderahle number of lamps the fraction, neg- 
lected above, would make a sensible difference in the 
ratio of resistance to E. M. F. Suppose that 100 were 
lighted, then the entire filament resistance would be 
199^ 
. 100 
Bi stance, we 



= 1.99^, and, adding in the 1 obra constant re- 
99 ohms ae the entire resistance ; 



hence - naap ~ ^^AS^' which, divided among the 100 
lamps, gives about J of an ampere per lamp, instead of \ 
an ampere, with only one or two lighted. 

There is also a certain amonnt of current wastage, 
making an entire current variation of 15^ to 20;^, which 
nnnst be provided for in order io maintRin constancy of 
enrrent and illumination. This, in the direct current 
system, is done by the introduction of resistance coils 
into the circuit, by which the current can be varied by 
variation of the resistance, and in the alternating car- 
rent system by a direct variation of enrrent in the con- 
verter. Hence when the indicator at the station shows 
a variation of current below or above the normal, by the 
lighting or extinguishing of any considerable number of 
lamps, the attendant makes the necessary correction by 
moving a switch either in the resistance ^-.r. or converter, 
according to the system of lighting empioyed. 

The Deeespity for the greatly increased size of the 
mains, as compared with those used for arc ligbting, 
becomes apparent when we compare the requirements of 
ampere current with those of a 10-anipere current. 
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Multiple Series Installation. — The parallel 
system of distribution, shown in its simplest form in 
Fig. 98, is variously modified for different purposes. 
While it is generally preferable to place each lamp on 
its own separate branch between the mains, so that it 
can be lighted or extinguished without interfering with 
the other lamps, it is sometimes desirable to combine 
the series with the parallel system, producing what is 
termed the multiple series method ; that is, several 
series in parallel with each other. This method is 
illustrated in Fig. 99, which 
shows three series in par- 
allel. Such a method is f"^ 
sometimes convenient for T 

lighting a large room, as a T c. 

public hall, store, or church, 
where a large number of 
lamps are required at the 
same time. By the method 
shown in Fig. 99, several 
such rooms in a large build- 
ing or in different buCd- 
ings can be lighted by the 
same dynamo. 

Large dynamos can be 
advantageously emploj'ed 
for such installations ; for 
the E. M. F. of the dynamo 
must correspond to the re- 
quirements of the lamps, 
and as the entire E. M. P. 
or electric pressure goes 
to every branch of the circuit, it is divided among 
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f the several lamps on each branch in proportion to 
the number in each series, and the required voltage 
of each lamp. If the dynamo in Fig. 99 were n 
oOO-volt machine, and lOfl-voIt lamps were used, five 
lamps would be required in each series as shown, or 
ten 50-volt lamps; or series of five 100-volt lamps, 
and ten 50-volt lamps could be placed in the same 
installation. 
I To prevent the extinguishing of all the lamps in a 
[ aeries, which must result from the extinguishing of any 
singie one, an automatic cut-out is required for each 
lamp, as in arc lighting ; and, to 
maintain constancy of resistance, an 
artificial resistance, equivalent to 
that of the extinguished lamp, must 
be switched in as the lamp is cut out, 
or else another lamp of equal resist- 
ance automatically lighted. 

Series Multiple Installa- 
tion. — Instead of serial gi^oups 
placed in parallel, as just shown, 
parallel groups may be placed in 
series, as shown in Fig. 100, consti- 
tuting what is known as the series 
multiple method. While in the 
multiple series method the entire 
E. M. F. goes to each group, and 
is divided among its lamps, as has 
been shown, the entire current in 
the series multiple method goes to 
each group, and is divided among its 
lamps, in proportion to their number. A 3|^-arapere 
t current in the mains would tlierefure furnish a current 
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of J an ampere to each of the five lamps m each group 
in Fig. 100. 

Such an installation is practically on the same basis 
as an arc-light series, the groups of incandescent lamp-^ 
taking the place of the suigle arc lamps, and the E. M. F. 
of the dynamo, and general resistance of the circuit 
varying according to tlie number and resistance of the 
groups, so as to keep the current constant, while spe- 
cific regulation is required in each group, the E. M. F.. 
resistance and current being here dependent on the 
parallel arrangement, and required to be the same for 
each lamp; and since the extinguishing of one or more 
lamps in a group would disturb this equilibrium, ab- 
normally increasing the E. M. F, of the remainiug 
lamps, a regulator is provided, as in the Brush system, 
by which extra lamps are automatically lighted to take 
the place of those extinguished, or the whole group cut 
out, as on an arc-light series, in case the whole, or a 
large proportion, of the lamps are extinguished, so that 
the current ilowing to the other groups in the series 
shall not be interrupted or diminished. 

Combined Arc and Incabdescbnt Installation. 
— Arc lamps are sometimes placed in series with the 
groups of incandescent lamps, in which case the current 
strength of each group and that of each arc lamp must 
be the same. If arc lamps requiring a ten-ampere cur- 
rent are used, each incandescent group must absorb 
this current; hence, it may consist of ten one-ampere 
lamps, twenty half-ampere lamps, or any other number 
which multiplied by the current per lamp gives ten 
amperes. 

Distributers are, however, sometimes employed in 
which so much of the current as may be required for a 



I group is sliiiiitecl through it, and a resistance ciiil pro- 
vided for eiich lamp, ao tliiit wlieu a lamp is extinguished 
a eoil of equal resiatauce is automatically substituted 
I'or it, and constancy of resistance maintained. 

It is, however, extremely difficult, in such an instal- 
lation, to maintain proper eqnililirium between the arc and 
incandescent lamps, so as to produce satisfactory resnlte. 
Instead of groups of incandeecent lamps in parallel, 
single incandescent lamps of large candle-power, reqairing 
a cu rrent of corresponding Btrcngtii, may he placed in series 
with arc lamps requiring a current of the eame strength. 
The Edison Three-Wire Ststem. — The large 
amount of uopper necessary for the leading mains of 
I ineandesceut light installation to carry the current 
! required for any cousidenible number of lamps distrib- 
uted over an extended area, and remote from the central 
I etation, has proved financially a serious obstacle toprog- 
1 this method of electric lighting. Among the 
methods devised to reduce this amount of copper with- 
out impairing the efficiency of the system, the Edison 
three-wire system stands prominent. In order to iinder- 
[ stand its advantages, we must compare it with the two- 
t wire system. Fig. 101, letter A, represents two dyuafnos, 
I each having its two leading mains of the usual size, 
I carrying a current to lamps in parallel, and extending 
in the same general direction, the efficient E. M. F. of 
each, at the lamps, being estimated at 110 volts, after 
I allowing a fall of ten per cent in tlie mains and connec- 
I tions. If now these dynamos be joined in series, as 
represented at B, we can suppress two of the mains, 
and join each two lamps in series also. We would 
have, then, at J a practical E. M. F. of 110 volts to 
each lamp, and at B, of 220 volts to each two lamps in 
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senep, 110 to eacL lamp as before ; the same amount of 
li^it IB therefore obtained witli half the nnmber of mains. 
It is found, however, tha-t the amount of copper 
required for a conductor carrying a current must vary 
inversely as the square of the E. M. F, ; having there- 
fore halved the number of mains, the current carried 
by the reduced number has double the E. M. F., and 
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the resistance of each two lamps in series being four 
times that of each two in parallel, only one-fourth the 
current ia required in the ma-ins ; the whole amount of 
copper must therefore be reduced to one-fourth the 
original amount ; which gives each of the two mains 
half the cross-section of each of the four original mains, 
the length remaining the same. 
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But aa there are the disadvantages already mentioned 
in a series coiinectioD of incaDdescent lamps, and as 
the number of lamps required, or in use simultaneously, 
is liable to vaiy on opposite sides of an installation, a 
third wire is inserted, as shown at C. Each lamp has 

• now the same advantages of independent connection 
with the dynamo, as in the two-wire system, shown at 
A. If an equal number of lamps are burning simul- 
taneously in each row, the current will flow through 
the parallel branches from one dynamo to the other, as 
at B, the central wire remaining neutral ; but if the 
number is varied by the extinguishing of lamps or 
otherwise, the third wire furnishes a path for the sur- 
^_ plus current required by the row having the greater 
^^b number lighted, which will flow to that side in conse- 
^B quence of the reduced resistance resulting from the 
^^ greater number of branches open through the lighted 
lamps. 

We have now three mains at C, each half the ^ze 
of each of the four maius at A; the whole amount of 
copper required at C is therefore only three-eighths 
of that required at -4 to accomplish the same result. It 
is found, however, that the third, or neutral wire, as 
it is termed, can 1)6 of reduced diameter, by which 
in practice a further reduction of about 4 Y^ per cent in 
the total amount of copper is ettected, 
-The feeding mains, on which no lamps are placed, 
extend as directly as possible from the central station 

Kto a central point in each lamp district, and are there 
connected with the lamp mains, whose size for different 
Sections is made proportional to the number of lamps ; 
and these are tapped, as in other systems, at the various 
^iuts where lamps 4re required, and connected with 



ELECTRIC DISTRIBUTION. 265 

mains which extend into the buildings ; all the mains 
being constructed on the three-wire system. 

For underground conduits, iron pipes are used in 
this system, prepared in sections of convenient length, 
inclosing the three wires imbedded in a compact insu- 
lating compound of asphalt and petroleum, pumped in 
while hot ; the wires being separated from the pipe and 
from each other by rope wound with space between the 
turns for the passage of the liquid, which solidifies at 
330° F. ; solid copper rods being preferred to cables. 

The Storage Battery System. — The storage 
battery has recently become an important auxiliary in 
electric lighting in connection with the incandescent 
direct current system. 

Every installation must be equipped for its maximum 
requirement of light, which varies greatly at different 
hours and at different seasons ; the supply required 
from 6 to 11 P.M. being far in excess of that required 
during any other part of the twenty-four hours, and 
that required for the long nights of the cold season 
exceeding that for the short nights of the warm season. 

To meet this maximum demand with a full supply 
of generators and power, requires a large investment of 
capital, especially for large central stations in cities, a 
considerable part of which is unemployed three-fouiths 
of the time, entailing heavy expense for interest which 
must be added to the coat of the light furnished. Tin's 
investment of unemployed capital can be reduced to 
the minimum by the use of storage batteries, as the 
supply of generators and power can then he made pro- 
portional to the average daily amonnt of light required 
during the cold season instead of the maximum amount, 
and the generators run to then- full capacity both day 
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and night; the surplus electricity, generated during 
the daily minimum requirement of light, being stored 
in the batteries to meet the daily maximum require- 
ment. 

The electricity furnished by the battery has a very 
important advantage for lighting over that furnished 
direct from the dynamo, the supply being absolutely 
steady, while that from the dynamo is subject to the 
fluctuations incident to the slipping of the belt, irregu- 
larity in the running of the engine, and sparking at the 
brushes, causing a certain amount of flicker in the light, 
which, even with the best regulation, can not be entirely 
eliminated. 

For . lighting railroad cars the storage battery has 
proved veiy successful ; a charged battery placed on 
the train furnishes the light required for a I'un of a 
thousand miles, while batteries at the termiuHl or way 
stations are meantime being chai-ged, to be exchanged, 
on the arrival of the train, for those discharged, which 
in their turn are recharged for the next train. 

It is also Buceeasfully employed for such sijecial 
lighting as is often required at tlieaters, art exhibitions, 
or private eutertainmeuts ; and, to a limited extent, for 
lighting private i-esidences, though too costly to come 
into general use for this purpose. 

The Induced Alternating Current System. — 
Since the amount of copper required to carry an elec- 
tric current varies inversely as the square of the 
E. M. F., if a 1,000 or a 1,200 volt dynamo could be 
substituted for one of 100 or 110 volts, the E. M. F. 
being multiplied by fen, the amount of copper required 
for the mains would be inversely, as the square of 
ten, equal to one hundred; mains, therefore, of one 
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hundredth part the weight, could be employed. In 
the direct current system, however, with single lamps 
arranged in parallel, this would be impractical, 100 to 
110 volt dynamos being the usual size practically 
admissible. But in the alternating current, induction 
eystem, dynamos of even greater E. M. F. can be suc- 
cessfully employed, though 1,000 volts represents the 
usual standard size. With such dynamos, and lamps 
at an average distance of a mile from the station, 
No. 1 B. & S. wire — about 7io ii^h diameter — is 
employed for the feeding mains. This is regarded as 
a practical, economical basis on which to maintain 
equihbrium between cost of power at the station and 
of copper in the mains ; if, however, it is found desir- 
able to bring the current a distance of several miles, 
from some point where power is cheap and abundant, as 
in the case of water-power, so that economy of copper 
is more of an object than economy of power, dynamos 
of greater E. M. F. can be employed, and mains of 
reduced size; No. 6 B. & S. wire — ^/j^ inch diameter 
— being often employed for such installations. 

This system, therefore, gives, for city lighting, the 
advantage of a cheap location in the suburbs for the 
dynamo and power statioTi, from which distribution can 
be economically made to where property is more expen- 
sive ; or for conveying the current cheaply from some 
jioint where water power is available ; also for cheap dis- 
tribution in sparsely settled districts. The converters, 
described in Chapter III. , pages 55-60, are placed at the 
various points where lamj* are required, aud the small, 
primary, high potential current is, by this means, con- 
verted into a large, induced, low potential current pro- 
portioned to the number of lamps required at each 
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point; the alternating current rendering such trans- 
formation possible, which would not be possible with 
the direct current. 

The English electricians, Gaulard and Gibbs, first 
brought this system to public notice in 1883. They 
adopted the series method of distribution shown in Fig, 
102, the converters being placed in series on the pri- 
marj, high potential mains, and the lamps grouped in 
parallel on the secondary, induced current mains con- 




nected with each converter, as shown, but insulated from 
the primary mains. While constancy of current at the 
several groups could easily be maintained in this sys- 
tem by dynamo regulation, as on arc-light circuits, 
it was found exceedingly difficult to maintain the 
specific regulation required for constancy of potential 
at the lamps, as already explained in similar seriul 
grouping in the direct current system; the difficulty 
here being increased and complicated by the converters. 
rHence, this method, atter many efforts to improve it, 



was abandoned, and the parallel method, both for the 
primaiy and secondary mains, adopted. 

In this method, illustrated by Fig. 103, each con- 
verter being connected with the primary circuit in 
parallel, each group of himps connected with it on 
the secondary circuit has the same independence of the 
other groups, as each single lamp in the multiple arc 
installation shown iu Fig. 98; each lamp in like man- 
ner being connected in parallel with each t 
circuit as shown. 
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Fig. 103. 

Fig, 104 shows an air line installation with its con- 
nections in full. The primary mains i', i^, extending 
from the station, are supported on insulators on the 
upper cross-anns of the poles i", P*, /^, while the sec- 
ondary mains are similarly supported on the lower cross- 
arms ; the converters C", C\ C^, being placed between 
the cross-ajffia, and their primary coils connected above 
to the primary mains, while their secondary coils are 
connected below to the secondary mains by short wires 
as indicated. Branch circuits, P, P, extend from the 
secondary mains into the buildings to supply the lamps 
cP, (p. The converters, as mentioned, vary in size, and 
are estimated by the number of lamps for which each 
is constructed to supply current ; 10 to 80 lamps being 
the extremes, while the three ordinary sizes most in 
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} demiuul are respectively for 20, 30, ami 40, SO-vult. 16 

F oaiidle-iiowep lamps. 

The very beat construction and liest insulation ar-.' 
exceedingly important in converters, the success of the 

' aystem depending largely on tlieir quality; since in 

\ tiealiiig with currents of such high E. M. F. the failure 
of insulation may result in the burning out of the con- 
verter ami its innnediitte (connections. 




s alter- I 



1 estimating the comparative economy of the ( 
Dating and direct current systemg, the eoet of eonverterc 
must he added to the alternating current estimate : wliile 
on the other hand, tLe amount of copper required in the 
alternating current mains being much less than in the 
direct current mains, and the construction of the dy- 
namo and auxiliary apparatus required at the station 
being simpler and leas expensive, the reduction of 
expanse in these items must be placed as an offset to 
the expense of converters. 

The parallel ajatera ot distribution, which has proved 
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to be the practical solution of tiie problem of distribu- 
tion by the induced alterniiting current, waa originally 
suggested by Rankin Kennedy of Glasgow, and, it is 
claimed, was put in practical operation for the first 
lime by William Stanley at Grent Barrington, Mass., 
iu 1885. 

The success of this experiment led to the develop- 
ment of the system on a large scale in 1887 by the 
Weatinghouse Electric Company of Pittsburg, Penn., 
with which Mr. Stanley has been prominently con- 
nected, and to whose skill in the construction and 
perfection of apparatus the success achieved ia largely 
due. 

M. M. M. Slattery of Fort Wayne, Ind., who also 
claims priority for the iirst practical experiment, shoidd 
be recognized as one of the successful pioneers of this 
system ; the promotion of the Slattery induction sys- 
tem, which is substantially the same as that here de- 
scribed, being immediately subsequent to that of the 
' Westinghouse system. In England, Kapp and Mac- 
kenzie have been its most active promoters. 

The Primary ALTEauATiNG Current System. — 
Incandescent lighting by the primary alternating current 
liae already been referred lo in connection with the 
Gordon dynamo in Chapter III., pages 46-49; 5,000 
twenty candle-power lamps, in multiple series, being 
illuminated by currents from a single dynamo, taken 
directly from the coils of its stationary armature ; the 
Swan, 30-obm lamp, being used. The Gordon system, 
in use for some time in Eng'land, has never been intro- 
duced into the United States ; and Gordon himself has 
recently abandoned it for the direct current system. 

Within the bst five years Charles Heisler of St. 
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I Louis, Mo., has introduced a system based on the primary 
f alternating current method, with series distribution. 
liow resistance, incandescent lamps of 30 candle-power, 
l.nnd a three to four ampere current carried by a No. 8 
I copper wire. The obvious electrical difficulties involved 
I in such a system Mr. Heialer claims to have successfully 
I overcome; series distributiou under these conditions 
tbeing rendered practical liy his shortrcireuiting device 
[which cuts out the lamp in case a filament breaks, 
■ while the low resistance of the lamp filament adapts it 
f'to a current of much greater strength than that of the 
locdiuary incandescent lamp, though less than half that 
J'of the ordinary arc lamp current; while the large 
I candle-power specially adapts this lamp to the lighting 
I of streets and lai^e buildings. It is claimed that per- 
i feet automatic regulation of E. M. F., current tind re- 
sistance has beeu attained for every variation of load, 
from the fall capacity of the circuit to that of a single 
lamp ; dispensing not only with the converters required 
in the induction system, but also with the distributers. 
resistance boxes, and various safety devices required iu 
other systems. Its principal feature, however, is the 
great economy of copper Vy the use of mains adapted 
to a 4-ampere curreut as compared with those required 
for a 200-ampere current. 

The Bernstein lamp is preferred both in this and iu 
the induction system ou account of its large filament 
of low resistance. 

Meters, — In all the various systems of incandescent 
lighting by parallel distribution, meters, such as have 
been described in Chapter VI., pages 150-155, for deter- 
mining the amount of current consumed, are connected 
with the mains at the various points where lamps are 



ELECTRIC DISTRIBUTION. 

required, each company adopting some special style, 
and charging its customers in accordance with this 
measurement. 

Fuses. — As electric light wires are liable from 
accidental causes to become overheated and ignite in- 
flammable matter in close proximity, short fuses of soft 
metal are placed both iu the mains and branch circuits, 
and wjierever groups of lamps, as for chandeliers, or 
elec troll iers, are required. If from any abnormal in- 
crease of current the temperature of the conductors 
approaches an unsafe degree, the fuse melts and opens the 
circuit; the fuses in the main and branch circuits being 
adjusted to the requirements of each circuit by differ- 
ence of size, wliich producea the difference of resistance 
necessary fOT the melting temperature ; a small fuse 
being more easily melted by a current of given strength 
than a large one. These fuses are attached by binding 
screws, and are easily replaced by new ones when melted. 

Switch-Boards. — Every station, whether for arc 
or incandescent lighting, is provided with a switch- 
board, embracing the termitials of the various circuits 
properly designated, so tha,t connection between the 
dynamos and the circuits in a large building, or lamp 
district, can be instantly opened or closed, and the 
supply of current thus diminished or increased, accord- 
ing to the number of lamps required at different hours. 

Several circuits may extend from the same dynamo, 
from different dynamos, or from connected dynamos, 
to the various rooms or floors of a large building, or the 
various sections of an extended area iu a city ; all under 
control of the operator at the station ; so that any par- 
ticular room, floor, or section, can be either connected 
or cut off by moving a switch. 
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Lighting Mines. — The incandescent ayatem has a 
"very important application in the lighting of mines ; the 
station being located at the mouth of the shaft, and 
current distributed through the various subterranean 
passages. This system la especially adapted to coal 
mines as a protection against the fatal accidents so often 
resulting from the iguition of inflammable gases; the 
incloHure of the glowing filament in an air-tight glass 
bulb affording almost absolute security, since even the 
accidental breaking of tlie bulb would shatter and 
extinguish the filament before the gas could enter. The 
vitiating of the air by the consumption of oxygen, and 
the odor of burning oil from numerous lamps, is 
another evil which is eliminated. These advant^es, 
and the superior illumination afforded, have made the 
incaudescent lamp exceedingly popular with miners, 
wherever it has been introduced. Portable lamps with 
battery attachment are also in use among miners. 

Installation Rdles. — The following is a brief 
summary of the rules usually given for the regulation 
of an electric light installation. 1. The dynamo should 
have a dry location ; should not be exposed to dust 
or flyings ; should be kept clean and well oiled, and 
its internal insulation should be practically perfect. 
2. All conductors in the dynamo room should be prop- 
erly supported, insulated, numbered, and conveniently 
arranged for inspection. 3. The construction of switches 
or commutators for opening or closing circuits, should 
be sueh that when moved or left there shall be no 
liability to heating or the formation of an arc. 4. The 
gauge of the wire on every part of the circuit should be 
proportioned to the current, and all junctions between 
conductors of different size should be fltted with fuses, 
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SO tliat tbe temperature of a conductor at any point cannot 
exceed 150° F. 6. AI! joints eliould be eoldered. or electri- 
callj welded, and made mechanically and electrically per- 
fect. 6. Complete metallic circuits should be used, and alt 
connection with gas or water pipes as conductors avoided, 
7. Bare wires, passing over buildings, should be at least 
seven feet from every part of the building; and those 
crossing thoroughfares should be higli enough to allow 
free passage for all vehicles and fire apparatus. 8. Un- 
derground wires should be thoroughly insulated, easily 
accessible, and their position clearly indicated. 9. The 
insulation of indoor wires should receive special care, 
so as to protect the building and its occupants against 
dangerous currents, and to prevent electric waste, 
particularly where the wires pass through walls or 
floors, or in close proximity to metallic masses ; and 
they should be incased in hard insulating material 
where the ordinary wrapping is liable to abrasion or the 
depredation of rata and mice ; and, when placed beneath 
floors, they should be protected against mechanical 
injury and their position clearly indicated. Covered 
wire should have the preference for indoor work. Fre- 
quent electrical testing is exceedingly important, as the 
only safeguard against waste of current or injury to the 
conductors or insulation, since the ordinary indications 
of leakage by smeil or otherwise, as in the case of gas 
or water, are absent. 10. All bare outdoor wire should 
be thoroughly insulated at its supports, and incased in 
insulating material for at least two feet on each side. 
11. Arc lamps should be provided with globes as a pro- 
tection against flying sparks from the carbons ; and all 
parts which require handling should be insulated from 
the circuit. 
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PanOlel inetallatioii, 257, 258. 
Plant^'iB secondary cell, 290, 231. 
Plants cell, chemical reaction in the, 

231-235. 
Photometer, the Bansen, 174, 175. 
Position of lamp, 227. 
Potential, difference of, 22, 23. 

. electric, 127, 128. 

indicator, the, 146-148. 

Q 

Qoantity and intensity, 188-140. 

R 

Resistance, 128, 129. 

coils, 172-174. 
R^ulator, Hefner von Alteneck^s, 251- 

255. 
Reversed carrents, 28-25. 
Reynier's lamp^ 206, 207. 
Roles, installation, 274, 275. 

S 

Secondary cell, Faure's, 237. 

, Paure, chemical reaction in the, 

238. 
, Faiire. faults of the, 239. 
, Faure, the iIU^>^oved, 239-242. 
, Faure's electric formation of the 

plates for, 242, 243. 
, Faure's. E. M. F., resistance and 

current of, 243, 244. 
, Faure's, cause of buckling in, 244, 

245. 
, Faure's, variable resistance of 

electrolyte in, 245, 246. 
, Plant^'s, 230, 231. 
Series installation, 250, 251. 

multiple installation, 260, 261. 
Series, shunt, and compound winding, 

;«-37. 
Serrin-Lontin lamp, the, 196 198. 
Siemens-Halske oynamo, the. Type I. 

79-84. 
Slattery induction system, the, 271. 
Stanley Two-Phase, Constant Potential 

Alternator, the, 97-105, 
Starr's Lamp, 208. 



Storage battery, the, 229-248. 

system, the, 265. 266. 
Storage cells, durability of, 248. 
Spring voltmeters and ammeters, Ayr- 

ton & Perry's, 156-159. 
Sun lamp, the, 193, 194. 
Swan carbons, the, 218, 214. 
Switch-boards, 273, 
System, the Gaulajd and Gibbs, 268. 



Terms and units, electric, 127-144. 
Thomson-Houston dynamo, the, 65-68. 
Thomson recording watt-meter, the. 

167-171. 
Three-wire system, the Edison, 262-265. 
Transformer, the, (See CJonverter) 112- 

128^269, 270. 
, the Westinghonse rotary, 128-125. 

U 



Units, electric, 140, 141. 



Vacuum tube lighting, 227, 228. 

Volt, the, 141. 

Voltmeter, the Cardew, 161-164. 

, the Weston, 148-151. 

, the Wirt, 152-156, 
Voltmeters and ammeters, 148. 

, Ayrton & Perry's spring, 156-159. 

W 

Watt, the, 143, 144. 

Watt-meter, the Thomson recording, 

167-171. 
Westinghonse Two - Phase, Constant 
Potential Alternator, the, 105-113. 

rotary transformer, the, 123-125. 
Weston ammeter, the, 151, 152. 

carbons, the, 214. 

milliammeter, the, 152. 

voltmeter, the, 148-151. 
Winding, series,, shunt, and compound, 

Wirt voltmeter, the, 152-156. 
Wood dynamo, the, 69-72. 

Single-Phase, Constant Potential 
Alternator, the, 88-96. 
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